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SUMMARY ABSTRACT 



Asbestos is such an ubiquitous mineral in the economy 
of Ontario that, when concern arose about the serious health effects 
associated with the mineral, it was necessary to evaluate the potential 
problems posed by the production and use of asbestos and asbestos con- 
taining materials within the province. This report investigates the 
general properties of asbestos silicates, the sources and control of 
asbestos emissions, measurement techniques and asbestos-induced health 
effects, all in relation to the ambient atmosphere of Ontario. Recom- 
mendations as to the air quality standard development, overall program 
design, and the role of the Air Resources Branch of the Ontario Ministry 
of the Environment have been presented. 
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01. SUMMARY 

The naturally occurring fibrous silicates classified 
as "asbestos" have become almost indispensable in modern technology. 
The objectives of this report are to: 

a) determine how this mineral enters Ontario's atmos- 
pheric environment; 

b) obtain knowledge of the measurina techniques for 
asbestos and an indication of the concentrations 
to expect; 

c) try and determine the detrimental effects of the 
mineral and their severities; 

d) finally, recommend a program of action. 

In Ontario, there are presently two producing and pro- 
posed chrysotile asbestos mines, however, 1974 production was behind 
that of Quebec, Yukon, Newfoundland and British Columbia. There 1s 
extensive industrial asbestos process and product diversification in 
Ontario using approximately 952 - pffi fihnfSflt1J e fibre with small a- 
mounts of imported amosite and crocidolite. The total quantity of crude 
fibre consumed by the Ontario asbestos industry 1s approximately 34,000 
tons, 59% of which is used by a single asbestos-cement manufacturer. 
The majority of the operations (numbering over 20) involve the produc- 
tion of asbestos-containing construction materials. 

Although there is no universal standardized method for 
ambient air sampling of asbestos, the methodology outlined in this report 
is generally consistant with that presented by several other agencies and 
laboratories. There is a general concensus that when dealing with ambient 
air, analysis procedures require electron microscopy. From previous sur- 
veys, it was found that asbestos concentrations in ambient urban air will 
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range from .5 n q/m - 15 jjg/m . 

The major reason for the necessity of a standard is the 
effect of asbestos on the health of humans. Chapter 08. entitled "Health 
Effects" was written by the Ontario Ministry of Health. 

The control techniques for asbestos are outlined in this 
report. The principle of "best available technology", in most instances, 
specifies the use of fabric filters (baghouse) but, there are many sources 
that are too mobile, dispersed or infrequent to warrant conventional methods 
of control. In these cases, a code of practice must be promulgated as an 
emission abatement reinforcement. 

Although there are several agencies proposing ambient air 
quality standards for asbestos, the Environmental Protection Agency in 
the United States is the only authority at the moment who has an official 
standard. Ontario has established an interim guideline for asbestos 

of 5 ug/m . 



Finally, an ambient air sampling program has been designed 
for asbestos to fulfill two major goals: 

1) to acquire an indication of present asbestos con- 
centrations in ambient air in Ontario; 

2) to acquire knowledge of the character (ie., size 
distribution, etc.) of the samples of asbestos from 
various sites/sources. 

This survey will require one year to complete starting in February, 1975, 
and the total cost will be approximately $50,000. 
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02. RECOMMENDATIONS 

02.01 AIR QUALITY CRITERIA 

1. It is recommended that a point of impingement standard as well as an 
ambient air quality objective be set to control asbestos emissions 
into the atmosphere. 

2. It is recognized that control of asbestos emissions at the source is 
essential if the standards and objectives are to be realized. It is 
recommended that this control be effected by the following two stra- 
tegies: 

a) a point of impingement (30 min. legally enforceable) 
standard set tightly enough to require "be st avails 
able technology" control procedures as recognized 

by the asbestos operations in all cases. 

b) the creation of an extensive code of practice cover- 
ing all aspects of the use of asbestos. 

3. It is recommended that the concentration unit used be fibre per cubic 
m etre (f/m ) . 

4. It is recommended that a comprehensive code of practice be written for 
asbestos sources that cannot be controlled by conventional control 
equipment (ie., fabric filters). This code, to cover all of the varied 
sources of asbestos emissions into the atmosphere, should be based on 
the best available practical control technology for the particular op- 
eration. 
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02.02 MEASUREMENT METHODS AND AIR SAMPLING PROGRAMS 

02.02.01 AIR SAMPLING PROGRAMS 

1. It is recommended that an ambient air sampling campaign be initiated 
for the Province of Ontario. The proqram will have two goals, which 
are: 

a) to acquire an indication of ambient asbestos concent 
tions near and removed from various sources in Ontcr : 

b) to acquire knowledge of the character (eg., size dis- 
tributions, etc.) of the sampled asbestos from various 
locations. 

Since insufficient data exist on ambient concentrations of asbestos 
in Ontario, it is very important to get an accurate assessment of 
these levels. Further, it is recommended that the Technology Devel- 
opment & Appraisal Section of the Ontario Ministry of the Environment, 
carry out this sampling and analysis program and that the samples be 
taken for a six month period beginning in February and analyzed con- 
currently. The importance of both summer and winter measurements is 
realized. The program is outlined in more detail in Chapter 10. 

2. Conditional to the results obtained from the air sampling program 
outlined in 02.02.01, #1, it is recommended that a source testing 
program be conducted by the Technology Development & Appraisal Section 
of the Ministry of the Environment to obtain the design information 
needed for the assessment of control . Two of the important types of 
measurements would be: 

a) the testing of many sources to enable the calculation 
of a 30-minute point of impingement standard. This 
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would include inlet/outlet sampling. 

b) the determination of the particle size distribution 
characteristics of various sources and the variance 
between sources. Testing must be downstream of the 
control equipment. 

02.02.02 SAMPLING AND ANALYZING TECHNIQUES 

1. It is recommended that the sampling technique to be at least used in 
the initial sampling program will utilize 47 mm. nucleopore membrane 
filters with a pore size of .4 urn samplinn at 40 L/min. for approxi- 
mately 4-8 hours, depending on the expected concentration of the air. 

2. It is recommended that the analysis of the initial sampling program 

be carried out entirely by transmission electron microscopic techniques, 
possible including selected area diffraction, Energy Dispersive X-Ray, 
and electron microprobe analysis. It is further recommended that, 
since the character of the ambient air samples is very important to 
this initial sampling campaign, sample manipulation be held to a strict 
minimum. The analysis should include: 

- the number of fibres per cubic meter 

- an estimate of the mass 

- size categories (length and width) 

- fibre size distribution 

- cumulative size distribution 

- cumulative mass distribution 

3. It is recommended that, based on the results of the initial sampling 
program, the Regions with the Ontario Ministry of the Environment 
carry on the environmental monitoring, especially of asbestos emission 
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sources using the recommended sampling techniques. 

4. It is recommended that the Technology Development & Appraisal Section 
of the Ministry of the Environment investigate other longer term samp- 
ling techniques (eg., 30 days) that have sufficient precision with the 
operational practicality and financial consideration kept in mind. 
Other quicker, less expensive, analytical methods should be investi- 
gated also (eg., optical or scanning electron microscopy) since the 
detail required in the initial sampling program is not needed here. 

02.03 CONTROL OF ASBESTOS EMISSIONS 

1. It is recommended that the Regions of the Ministry of the Environment 
survey all plants and determine what measures should be taken to meet 
best available technology and proposed standards. 

2. It 1s recommended that the control technology to be applied to spec- 
ific industrial groupings be investigated by the New Technology Unit 
of the Technology Development & Appraisal Section. The information 
gained would be input for the assessment of conventional control equip- 
ment for asbestos sources (ie., what the "baghouse" will do on various 
sources). This work would be supported by the stack sampling of se- 
lected asbestos sources acquired for design information. 

02.04 ABATEMENT OF EMISSIONS TO MEET STANDARDS AND OBJECTIVES 

1. It is recommended that, during the Region's initial survey as des- 
cribed in 02.03 #1, blatantly uncontrolled emissions should be rec- 
tified immediately without awaiting the standard. 
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TIME FRAME CHART 



% ■ 

PERFORMING SECTION 
(Within Ontario Ministry 
of the Environment) 


RESPONSIBILITY 


COMPLETION 
DATE 


Criteria, Development and Program 
Planning Group, Air Resources Branch. 


Set air quality guidelines. 

Set air quality criteria & 
standards. 


January, 1975 
January, 1976 


Monitoring and Instrument Development 
Section, Technology Development and 
Appraisal Group (TDA), Air Resources 
Branch. 


Ambient air samplinq survey. 


February, 1975 


• 

Source Monitoring Section, Technology 
Development and Appraisal Group, Air 

% Resources Branch. (To be performed 
under contract.) 


Stack testinq surveys. 


December, 1975 


Northwestern Region 
Northeastern Region 
Southeastern Region 
Central Region 
West Central Region 
Southwestern Region 
Air Resources Branch 


Regional inspection of all 
asbestos operations. 


July, 1975 


Special Studies and Preventive 
Planning Section, Technology Devel- 
opment and Appraisal Group, Air 
Resources Branch. 


Research future ambient air 
monitoring methods. 


December, 1975 
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03. INTRODUCTION 

Asbestos has be come a toxic contaminant of Increasing con- 
cern. This report will Investigate the important aspects of this mineral 
including its effect on health, measurement techniques and sources and 
control of emissions into the atmosphere. The objectives of the report 
are: 

(1) to discuss the detrimental aspects of asbestos 

(2) to determine how and where this mineral enters the 
atmosphere 

(3) to recommend a program of abatement (which will In- 
clude an air quality standard) that would minimize 
the negative effects. 

03.01 HISTORICAL PERSPECTIVE 

Asbestos 1s a general name for a variety of useful fibrous 
minerals with thousands of technologically modern applications. But not 
only 1s 1t a valuable commodity today, 1t 1s rich 1n tradition and history. 
The use of asbestos wss first recorded 1n 450 B.C. when Herodotus described 
enshrouding corpses with asbestos cloth before cremation to permit easy 
collection of the ashes for burial.* ' The Greeks , who used asbestos 
for the wicks of their temple lamps, were enthralled when flames did not 
consume 1t, but burned unceasingly. Amazed, they called 1t "a sbest ftT which 
meant "the unquenchable" or "the Inextinguishable". OM 2 )^ 3 ) Charles V 
used the unusual properties of asbestos to amaze and amuse court visitors 
by throwing table cloths 1n the fire, from which they usually emerged whiter 

than when they went In.* ' Charlemagne, used the aura of superstition and 

(12) 
mystery attached to the mineral to impress visiting court dignitaries.* ' 
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In classical times, asbestos, best known for Its fire resistance, was 
woven Into cloth to preserve the ashes of persons of noble rank (4) and 
today this property 1s appreciated by the wearer of fire-fighting dress. 
It was used 4,500 years ago (2,500 B.C.) to strengthen clay pottery (5) 
and today, most of the short-fibred material strengthens asbestos-cement 
products. 

Asbestos, as much as 1t has been an Important element in 
an historical perspective, Is an Integral part of the economic life of 
today's society. The modern Industry dates from the 1870's when serious 
development was stimulated by demonstrations of novel asbestos products 
and the discovery of large deposits 1n the province of Quebec and near 
Sverdlovsk 1n Russia.' 4 ' 

The value of asbestos ensues from the indestructable nature 
of products fabricated from the various grades of mineral fibres. The 
major asbestos minerals fall into two main categories. The first, chrys- 
otlle (white asbestos), is mined from s erpentine roc k found mainly in 
Canada, the U.S.S.R., Rhodesia, South Africa and Cyprus. The second nrou P) 
mined from sedimentary Ironstone , 1 s the amphibole serie s, comprised of 
three main varieties: amosite (amber 1. crocldolite (blue ), and anthophyl- 
lite (white) with tremolite and actinolite being of very minor importance. 
Amosite is mined mainly in Transvaal (South Africa). Anthophyllite is 
mined mainly in Finland and is of less commercial interest. CrysotH e 
accounts for 902 of the world production _of, asbestos ore, (4) and greater 
than 95% of the asbestos used in industry ' 7 ' with amosite and crocidolite 
being of lesser importance. World production of the mineral has increased 
sixty times since the turn of the century and five times between 1945 and 
1965, the present total being four million tons.' 4 " 6 ' The United States 
uses just under one-fourth of the world production' 8 ' or nearly 800,000 
tons, practically all of it imported from Canada and South Africa. 



11. 



03.02 THE CANADIAN PERSPECTIVE 

The first Canadian deposit of chrysotile was discovered in 
the region of the Des Plantes River near the villages of St. Joseph and 
St. Francis in the province of Quebec. Between 1C62 and 1877, deposits 
at Thetford, Quebec, were being mined on a commercial basis and, at about 
the same time, a large deposit was uncovered at Asbestos, Quebec. More 
recently, the Black Lake deposit in Quebec has been developed. In British 
Columbia, the Cassiar deposit, producing good quality chrysotile, came in- 
to production in 1954-1955. Since 1963 in Newfoundland (at Baie Verte), 
the Advocate Mines have produced a fibre good for the production of asbes- 
tos-cement products. Finally, two Ontario mines are currently in operation 
in the Lake Abitibi and Matheson areas of northeastern Ontario; Hedman 
Mines in Warden Township and Johns-Manville Mining and Trading in Reeves 
Township. Table 1. summarizes the basic data on all producing chrysotile 
mines in Canada. 

In Canada, 90,532,000 tons of asbestos rock were mined in 
1970* ' with the production of asbestos fibre totalling 1,654,000 tons/ ' 
Canadian mining figures dropped to 79,100,000 tons by 1972 v ' but, more 
recently and although mining and milling operations are still not working 
at full capacity, mineral production has steadied itself as new areas are 
being opened up. Provincial statistics, which are presented in Table 2., 



indicated that the companies operating in Quebec, which have employed some 
28,000 workers, ' accounted for 82% of Canada's production* ' and almost 
half of the world's supply of chrysotile. ' 

The majority of Canadian asbestos is exported as fibre after 



milling. In 1970, approximately 94.5% of production or 1,562,000 tons of 
fibre were exported to over 30 countries where the principal customers 
(United States, Britain, Japan, West Germany) paid $227 million for this 



TABLE T.WCIO) 



ASBESTOS MINING OPERATIONS IN CANADA 



NAME 



Newfoundland 
Advocate Mines Ltd 

Quebec 
Asbestos Corporation Ltd 

Bell Asbestos Mines Ltd 

Lake Asbestos of Quebec Ltd 

National Asbestos Ltd 

Canadian Johns-Manville Co. Ltd... 
Carey Canadian Mines Ltd 

Ontario 

Hedman Mi nes Ltd 

Johns-Manville Mining & Trading Ltd. 

British Columbia 
Cassiar Asbestos Corp. Ltd 

Yukon 
Cassiar Asbestos Corp. Ltd 



HEAD OFFICE OR GENERAL OFFICE 



7 King St. East, Toronto 



Canada Cement Bldg., Montreal 



LOCATION 



Bale Verte 



Box 99, Thetford Mines 

Box 88, Black Lake 

Box 459, Thetford Mines 

Box 1500, Asbestos 

Box 190, East Broughton Station 



Thetford Mines, 
Black Lake. 
Coleralne, Ugava. 

Thetford Township 

Black Lake 

Thetford 

Asbestos 

East Broughton Sta 



Box 590, Timmins 

106 B Third Ave., Box 2003, 
Timmins, Ontario. 



Warden Township 
Reeves Township 



85 Richmond St. W. , Toronto Cassiar 



85 Richmond St. W., Toronto Clinton Creek 



MINE 
DESCRIPTION 



Open Pit 



All open pit with 
the exception of 2 
underground opera- 
tions at Thetford. 



Open Pit 
Open Pit 



Open Pit 



Open Pit 



MILL 
CAPACITY 
(tons ore/day) 



6,000 



Black Lake 
11,266 
600 
600 

Thetford 

§ToM 

3,000 
2,000 

32,000 

4,000 



300 

5,000 



2,400 



3,000 



ro 



F • 
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TABLE 2. 
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CANADIAN ASBESTOS FIBRE PRODUCTION IN 1970 



PROVINCE 


QUANTITY 

(1000 Tons) 


PERCENT 


Quebec 


1 ,353 


81.8 


Yukon 


103 


6.5 


British Columbia 


89 


5.4 


Newfoundland 


66 


4.0 


Ontario 


38 


2.3 


TOTAL 


1,654 


100.0 
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raw material ($145/ton on the average). ' The remaining 5.5?' fraction 
was split between consumption by Canadian industry, which required 50,743 
tons or 3% of domestic production, and inventory stockpiles by asbestos 
producers, which absorbed 38,495 tons or 2.5" of production.^ ' Canadian 
industry also consumed 4,784 tons of amosite asbestos imported from South 
Africa, 909 tons from Venezuela, and 140 tons from Britain, the bulk of 
the 5,833 tons of imported fibre used in the manufacture of pipe insula- 
tion.< 13 > 

In a study by James F. MacLaren Ltd. for Environment 
Canada, the consumption of asbestos in Canada (1970) was estimated, 
shown 1n Figure 1. Approximately 62% of the total Canadian usage was 
accounted for by two Industries. The manufacturers of asbestos-cement 
products required 25,000 tons (44.3% of consumption), and the manufac- 
turers of floor tile required 10,000 tons (17.7% of consumption). Ten 
percent of the total tonnage used by Canadian industry was exported as 
manufactured goods, whereas 90% was sold domestically. 

03.03 ECONOMIC OUTLOOK 

The economic forecast for asbestos producers in Canada looks 
bright. Despite a substantial increase in production during the past year, 

the strong demand for asbestos has reduced inventories to a point where 

(15) 
some producers may have to put their customers on an allocation basis. ' 

Although the Ontario Mineral Review indicates a slump in production between 
1969-1972/ ' the Canadian industry set a production record in 1973, up 
20% from 1972. * 15 '* 17 ' Asbestos shortages still developed late in the year. 
These shortages could last for three or four years if the growth in consump- 
tion continues at its present rate of about 4.5% annually. ' Consequently, 
the tight demand/supply situation in asbestos has resulted in unprecedented 
price increases. 



Production 





\ 654,000 


»-i 






Imports 








5,833 
Exports 








56 576 




1,564 762 






-• — 


Inventory 







38,495 



Asbestos -CGrr.cn t 




44.3% 


25,000 




Floor tile 




17.7% 


topoo 




Paving 




10.2% 


5,800 




Coatings, 
caulks, sealants 




9.8% 


5,550 




Insulation 




6.7% 


3,800 




Friction 






materials 




3.9% 


2,190 




Plastics 




2.0% 


1,150 




Textiles 




1.2% 


700 




Paper 




1.2% 


700 




Miscellaneous 


— »»< 


3.0% 



Asbestos-cement 



$3,217,000 

1 (2,850) 

Friction materials 



j ?0TE : Exports are shown both in dollar 
value an^ estimated asbestos con- 
tent. All asbestos quantities 
are in' tons'. 



Manufactured goods 
export 



$1,791,000 



1,600) 



Other goods 



$6,436,000 



5^700) 



$1,428 000 

(1,250) 



Friction materials 



**■*' 



Canadian 

Consumption 

(59,976) 


$3,793 000 

' * (3,350) 

Asbestos cj merit 


$2635,000 

(2 f 350) 

Textile.. 


$1,1 00,000 

1 (1 050) 

Packings 


$1,037,000 
' (950) 

Other goods 





Manufactured 
goods import 



$10 279,000 • 

1 ' (9 100) 



$1,597,000 



1,400) 



en 



1,686 



FIBRE PRODUCTION 



MANUFACTURING 



ASBESTOS PRODUCT CONSUMPTION 



Figure 1 . CANADIAN ASBESTOS FLOW IN 1970 (SHORT TONS) 
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04. PHYSICAL AND CHEMICAL PROPERTIES OF ASBESTOS 

04.01. INTRODUCTION 

Asbestos is a general term referring to a variety of 
mineral types, all with unique and valuable properties. The properties 
that make asbestos most useful are both chemical and physical in nature. 

A. Chemical Properties 

a) inflammability 

b) low thermal conductivity 

c) resistance to oxidation 

d) resistance to corrosive chemical substances 
and micro-organisms 

d) high electrical resistance 

B. Physical Properties 

a) fine fibre size 

b) high wear strength 

There are six varieties of asbestos belonging to either the 
serpentine or amphibole series. The serpentine group, which consists solely 
of the chrysotlle variety of fibre, is used in about 90% of all products re- 
quiring asbestos. ' The amphibole series consists of anthophyllite, amoslte, 
and crocidollte are the most commercially useful. Amphibole fibres are gen- 
nerally large in cross-section, appear as straight narrow sheets and are solid 
whereas chrysotiles are exceedingly small in cross-section and are tubular. 



In general, the amphiboles are harsh, hard, springy, and not as flexible 
and soft as chrysotile. Various properties of the different varieties are 
discussed below and Table I is a compilation of the more Important ones. 
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04 . 02 . GEOLOGY AND ORIGIN 

The geological ages involved in the formation of asbestos 
are the post-ordovician and pre-devonian followed by the middle and upper 
devonian. In Canada, the chrysotile asbestos originates from such 

rocks as dunite, peridotite, and pryroxenite which have been altered to 
serpentine by hydrothermal reactions acting upon magnesia-rich minerals 
such as olivine, forsterite, enstatite and diopside. ' Crocidolites and 
amosites occur in metamorphosed siliceous-ferruginous sediments rich in 
iron and silica called banded ironstones. 

It has been suggested that chrysotile developed through 
the action of solutions which originated from outside the serpentine belt. ' 
The replacement of the serpentine or peridotite by chrysotile took place 
through selective solutions and crystallization in the solid rock, and the 
fibre veins developed from openings in the rock. It has also been suggested 
that maybe the magnesia and a portion of the silica of the vein-forming ma- 
terials were obtained from the wall rock. It is further suggested that 
perhaps several stages of crystallization took place along with the heating 
of the wall rock and that stress conditions were set up to convert the pi- 
crolite into asbestos. ' 



04.03 SERPENTINE (CHRYSOTILE) ASBESTOS 

Chrysotile is structurally similar to the clay material 

(15) 
kaolinite. It has a sheet structure consisting of alternating layers 

of an octahedral ly coordinated Mg-0-OH layer and a tetrahedrally co- 

(15) 
ordinated Si -0 layer. The composition of chrysotile can be represented 

as Mg 6 (0H) 8 Si 4 1Q with the following chemical breakdown: Si0 2 = 37-44%; 

MgO = 39.44%; FeO = 0.0 - 6.0%; Fe^ = 0.1-5.0%; Al^ = 0.2-1.5%; 



TABLE 1. PROPERTIES OF ASBESTOS FIBRES 



(7) 





CHRYSOTILE 


ANTHOPHYLUTE 


(ferroanthophylHte) 


CROCIDOLITE 


TREM0L1TE 


ACTINOUTE 


structure 


In veins of serpentine, 
etc. 


lamellar, fibrous asbes- 
tlform 


lamellar, coarse to fine 
fibrous and asbestlform 


fibrous Iron-stones 


long, prismatic and fibrous 
aggregates 


reticulated long prismatic crystals 
and fibers 


Mineral association 


1n altered peridotlte ad- 
jacent to serpentine and 
limestone near contact 
with basic igneous rocks 


in chrystalllne schists 

and gneisses 


1n crystalline schists, 
etc. 


In iron-rich siHcious 
argilUte in quartzose 
schists 


1n Hg limestones as altera- 
tion product of highly mag- 
neslan rocks, metamorphic 
and igneous rocks 


1n limestone and In crystalline 
schists 


origin 


alteration and metamor- 
phlsn of basic Igneous 
rocks rich In magneslan 
silicates 


met amorphic, usually from 
olivine 


metamorphic 


regional metamorphlsa 


metamorphic 


j 

results of contact metamorphlsm 


veinlng 


cross and slip fibers 


slip, mass fiber unorl- 
ented and Interlacing 


cross fiber 


cross fiber 


slip or mass fiber 


slip or mass fiber 


essential composition 


hydrous silicates of 
magnesia 


Hg silicate with Iron 


silicate of Fe and Hg, 
higher Iron than antho- 
phylllte 


silicate of Na and Fe 
with some water 


Ca and Hg silicate with some 
water 


Ca, Hg, Fe, silicates, water up 
to 5X 


Crystal structure 


fibrous and asbestlform 


prismatic, lamellar to 
fibrous 


prismatic, lamellar to 
fibrous 


fibrous 


long and thin columnar to 
fibrous 


long and thin columnar to fibrous 


crystal system 


monocllnlc (pseudo- 
orthorhombtc?) 


orthorhomblc 


monocllnlc 


monocllnlc 


monocllnlc 


monocllnlc 


color 


tfljf*- gray, green, 
yellowish 


grayish, white, brown, 
gray or green 


ash gray, greenish or 

brown 


lavender, bjuj^ greenish 


gray-white, greenish, yellow- 
ish, bluish 


greenish 


luster 


silky 


vitreous to pearly 


vitreous, somewhat pearly 


silky to dull 


silky 


silky 


hardness. Hohs 


2.5 - 4.0 


5.5 - 6.0 


5.5 - 6.0 


4 


5.5 


6t 


specific gravity 


2.4 - 2.6 


2.85 - 3.1 


3.1 - 3.25 


3.2 - 3.3 


2.9 - 3.2 


3.0 - 3.2 


cleavage 


010 perfect 


110 perfect 


110 perfect 


110 perfect 


110 perfect 


110 perfect 


optical properties 


biaxial positive extinc- 
tion parallel 


biaxial positive extinc- 
tion parallel 


biaxial positive extinc- 
tion parallel 


biaxial extlncltlon In- 
clined 


olaxlal negative extinction 
c lined 


biaxial negative extinction In- 
clined 


refractive 1nucx 


1.50 - 1.55 


i.«i 


1.64? 


1.7 pleochrolc 


1.61 


1.63 weakly pleochrolc 


fusibility, Seger 
cones 


fuslbie at 6, 1190 - 
12:>0°C 


infusible or difficulty 
fusible 


fusible at 6, loses water 
at moderate temperatures 


fusible at 3, 1145 - 
1170°C 


fusible at 4. 1165 - 1190°C 


fusible at 4, 1165 - 1190°C 


flexibility 


ttry flexible 


very brittle, ncnflexlble 


good, less than chrysotlle 


fair to good 


generally brittle, sometimes 
flexible 


brittle and nonflexlble 


length 


short to long 


short 


2" to 11" varies 


short to long 


short to long 


short to long 


Lexture 


soft to bush* also 
silky 


harsti 


coarse, but somj>hat p'.l- 
aLle 


soft to harsh 


generally harsh, sometimes 
soft 


harsh 


acid resistance 


soluble up to apt-itxl- 
■ately 571 


fairly iv*1 slant to jcUj 


fairly reslsta.it to acids 


fairly resistant; to acids 


fairly resistant to acids 


relatively Insoluble 1n HC1 


sp'. nubility 


best 


i»ejr 


fair 


fair 


generally poor, some art 

splnnable 


poor 


Btu/(lb)(°f) 


0.266 I 0.210 


0.217 


0.201 


0.212 


0.217 



o 
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H 2 = 12.0-15.0%; CaO = 0.0-5.0%/ ' Recent accurate determination of 
density show it to be 2.53-2.58/ 7 ' 

Chemically, a 0.5% suspension of chrysotile in water free 
of carbon dioxide acts somewhat like magnesium hydroxide, having a pH of 
10.33. ' Magnesium hydroxide suspended in distilled water in the same 
manner has a pH of 10.37. However, aqueous suspensions of chrysotile 
have a higher electrical conductivity than saturated solutions of magne- 
sium hydroxide, indicating the presence in solution of other soluble 
electrolytes. Acids will readily attack chrysotile and dissolve the 
magnesium, leaving mostly a silica structure. 

The tensile strengths of chrysotile fibres have been re- 

(7) 
ported as varying from 100,000 psi. to 400,000 psi . The Young modulus 

r p 

is approximately 23.1 X 10 lb/in . 

Chrysotile fibres and fibrils are distinctive in their 
appearance and their morphology is usually utilized for their identification 
by electron microscopy. Chrysotile fibres are usually curved and they read- 
ily divide into numerous flexible fibrils (a chrysotile fibre of 1 urn. dia- 
meter can yield 1,000 fibrils of the same length/ ' Consequently, no 
reliable geometric size measurements can be made with chrysotile fibres. 

However, the average outer diameter of a chrysotile fibril will range from 

o o (7)05) 

200-250 A and an inner diameter of 20-100 A . 

Electron microscope pictures of chrysotile seem to indicate 
the existence of hollow tubes with an apparently amorphous material on the 

outside and inside of the tubes. Other forms are occasionally observed, 

(15) 
for example, a tube-in-tube and cone-in-cone form. v These tubes are 

not simply cylindrical cones, but consists of spirally wound layers. 

Some fibres, however, are not hollow but solid, showing an unusual 

growth problem. The density of Arizona and African chrysotile is com- 
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patible with the tubular structure, but Canadian Chrysotile, with a 
high density, has at least 50% filled tubes. 

04.03.01 STRUCTURAL CHANGES DUE TO HEAT 

The nonflammability of asbestos results from structural 
changes that occur under the action of heat. For chrysotile, absorbed 

water is driven off at about 324. 9°C and the water of crystallization is 

o (4) 

lost between 581 .4°C and 632.7 C. As dehydration takes place, the 

fibres start to deteriorate. Deterioration begins at approximately 

o (4)(7) 

427.5 C. The fibres are completely destroyed, and the fibrous 

chrysotile changes into the nonfibrous mineral fosterite (Mg 2 Si0 4 ) above 

581. 4°C. Amphibole asbestos behaves similarly, but will withstand slightly 

(4) 
higher temperatures without deterioration. 

04.04. AMPHIBOLE ASBESTOS 

Amphi boles are derived from the Greek work meaning 
ambiguous and without careful work they can be easily mis identified. 
In particular, electron diffraction and X-ray diffraction patterns 
are similar for different varieties and their compositions are over- 
lapping. The amphiboles consist of "double chains" of linear silica 

(15) 
tetrahedra with cautious linking the chains together. For each 

variety of amphibole, there is a corresponding massive form, often with 

a different mineral name. 

The name cummingtonite is used to describe monoclinic 
amphibole containing 30% to 70% Fe 7 Si Q 0^ and grunerite for the more 
iron-rich members. The characteristic feature of the cummingtonite- 
grunerite mineral is the fibrous and a characteristic multiple twinning/ 
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Amosite is an acronym for fibrous commercial grade cumminn- 
tonite from South Africa (Asbestos Mines of South Africa). Previous to 
1960, amosite was mistakenly called anthophyl 1 i te since the optical extinc- 
tion angle is almost 0° as would be the case with an orthorhombic mineral 

Tremolite and actinolite are essentially metamorphic min- 
erals and occur in both contact and regionally metamorphosed rocks. Actinu 
lite and ferro-actinolite are commonly associated witn cummingtoni te 
metamorphosed iron formations. 

Crocidolite is the fibrous variety of fourth reaction at 
900-1 ,000°C due to oxidation of FeO with the collapse of the structure and 
riebeckite rock. In a thin section or hand specimen, it is easily recoq- 
nized by its pleochroism - blue irridescence and angle of extinction. It 
has a similar electron diffraction pattern to the other monoclinic amphi 
boles but can easily be recognized by its composition. 

The chemical composition of amphiboles is more complex than 
that of chrysotile. The amphibole structure admits great flexibility of 
ionic replacement, and the minerals of the group exhibit a wide range of 
chemical composition. In addition to tie replacement (Mg, Fe), important 
substitutions occur in the amphiboles, for example, the substitution of 
silicon by aluminum, calcium by sodium, etc. 

04.04.01 AMOSITE 

Amosite asbestos can be regarded as a high iron (or low 
magnesium) anthophyl lite. The empirical formula is expressed as Fe 5 Mg 2 

Si Q oo (0H). ; . Chemical analyses show: 
o cc c. 
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Si0 2 


■ 


49.53% 


A1 2 3 = 2-9% 


MgO 


■ 


1-7% 


H 2 = 2-5% 


FeQ 


= 


34-44% 


CaO and Na 2 ■ 0.5-2.5% 



Differential thermal analysis (DTA) shows an exothermic 

reaction at 300-400°C and 650-735°C due to magnetite impurities and the 

third and fourth reaction at 900-1 ,000°C due to oxidation of FeO with the 

(7) 
collapse of the structure and liberation of water. Apparently, no 

endo thermic reaction takes place. 

The fibres are harsh, fairly brittle and are comparatively 
large in size as seen by the electron microscope. The molecules apparently 
form straight flat sheets. This fibre has good heat and acid resistance. 

Tensile strengths vary from 16,000 to 170,000 psi. with Young modulus of 

6 2 < 7 > 

23.6 X 10° lb/in/. 



04.04.02 ANTHOPHYLLITE 

Anthpphyllite asbestos is a magnesium iron silica (MgFe) 7 

Sig0 22 (0H) 2 , but low in iron. A pure magnesium anthophyllite Mg 7 S1g0 22 * '2 

upon disintegration produces enstatite (MgSIOJ, cristobalite (S10 22 ) and 

water. If iron is present, magnetite (Fe.,0.) 1s also produced. Analyses 

(7) J 4 

of anthophyllites show: 



Si0 2 


= 56-58% 


A1 2 3 


= 0.5-1.5% 


MgO 


= 28-34% 


H 2 


= 1-6% 


FeO 


= 3-12% 







Differential thermal analysis data on anthophyllite shows 
an exothermic reaction around 830°C due to oxidation of FeO and an endo- 
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thermic reaction around l,^]{i r with tho liberation of *>/atr*r and no 



( 
structure channo. 



Electron microoranhs show anthophyl 1 i to fibrils to he in 
larne flat sheets. Th^ fibres varv from soft to semi -harsh to brittle 
in texture. They have oood heat resistance, acid resistance and a low 
tensile strenqth less than 4,000 osi. 

04.04.03 CROCI00LITE 

Crocidolite asbestos is a sodium iron silicate. An accepted 
empirical formula is Na^.Fe^.SFeO.SSiO^O. It is found mainly in 
Africa and Australia with smaller deposits in Bolivia and Labrador. The 
approximate chemical analyses are as follows: 

sin 9 = Ao-sn 

n n n = 0-3°' 
Fe^ = 13-207, 



Crocidolite, upon disinteoration, forms acmite (la^O.Fe,, ^. 
4Si0«), hematite (Fe ? 0^), Cristobal ite and water. 

Two snail exothermic reactions occur between 340-405 C. 
followed by an intense endothermic reaction between ^40 and 1,027 C. 
The exothermic reaction forms acmite. 



The structure of crocidolite resembles the flat sheets o f 
amosite rather than the tubular anoearance of chrvsotile. However, elec- 
tron microoraphs show crocidolite to be strainht needles and annarentlv 
thinner in cross-section than amosite. Crocidolite fibres are not so 
easily attacked by acids as amosites, althouoh small amounts can be 
leached out. 



? 3 


55 


17-?°°' 


Ho0 


= 


2'.5*A.57 


r la 9 n 


= 


4.0-8.5 e/ 



26. 



The heat resistance of this fibre is fair to poor, but 
its acid resistance is qood. Tensile strennths can vary from 100,000 
psi. to over 500,000 psiV ' 



04.04.04 TREM0LITE-ACTIN0LITE SERIES 

These two fibres differ chemically in the amount of iron 
present in the molecule. The tremolite formula is C^Mn^Si^O^fOH),,. 
Tremolite disintenrates into diopside-clinoenstatite (CaSiO 'inSiO -), 
Cristobal ite and water. Actinolite disintenrates into a comnlex series 
of diooside-clinoenstatite-hedenbernite (CaSiO^.MqSiO^.FeSiO^) , Cristo- 
bal ite and water. 

An exothermic reaction occurs on tremotite around 820 C 
and an endothermic reaction around 900 to 1,040°C/ ' DTA data on actin- 
olite show a small exothermic reaction at 355 C and an endothermic reaction 
at 1,122°C. 

Electron microaraphs for tremolite show larqe thick struc- 
tures whereas actinolite is smaller in width but verv brittle and shows 
signs of shattering when preparing the sample for the nicture. Tremolite, 
in many cases, shows qood fibrous structure and it is ouite useful in com- 
mercial products where, on the other hand, actinolite is used only as a 
cheap filler. Tensile strenath values varv from 1,000 to 8,000 nsi and 
the texture varies from flexible to harsh and brittle. 

04.05 SURFACE AREA OF ASBESTOS 

The specific areas of the asbestos fibres are important for 
the study of kinetics of dissolution of asbestos fibres in water. Surface 
areas can be measured by using nitrogen adsorotion and permeability methods 



27. 



The values obtained bv tho nitrogen adsorption method includes all the 
internal surface of pores, cracks, etc., v/hile the normeaMlity method 
measures onlv the external surface. Surface measurements o f chrysotile 
can vary dopendino uoon the denree of f ihrizati^n of the *ihro. 'Utro^en 
adsorntinn techniques have shown surface areas varvinn from 4 to 1? m /n 
and hv additional fihrization, these values can bo increased to VJ or even 
50 m /q. ''■' This is a ^o.ry hinh value, nreater than for anv o* - the usual 
natural or man-made textile fibres. 

% . or COL OUR ty ASBES TOS 

The varities of asbestos are found and even naned ^v th°ir 
characteristic colour. The colour is related to its chemical composition, 
chrysotile bein^ "white" asbestos, amosite beino "brown" ashostns anc* 
crocidolite beinn "blue". The comnosition is that of a silicate with 
chain-tyne silica lattice to which various metals may bo bonded. T n 
the case of chrvsotilo, it is mannesium* of amosite it is iron and mao- 
nesium; and of crocidolite, it is sodium and iron. 

04.07 REACTION OF ASBESTOS FIBRES IN WATER AND BIOLOGICAL FLUIDS 

Chrysotile will break down chemically and physically in a 

(13) 
variety of environments, especially when separated in their unit fibrils. 

Chrysotile has been shown to chemically degrade in distilled water into a 
magnesium compound, and soluble silica acid. " ' It is postulated that 
the dissolution of the chrysotile accompanied by the solution of the magne- 
sium leaves a residue of collidal silica that hydrolyzed to orthosilicfc 
acid. 

Chrysotile is chemically unstable in a biological environment. 
Physically, the fibres, composed of bundles of fibrils, tend to break open 
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TABLF ?. 



(in) 



Comnarison of Chromium, Cobalt and Mickel Concentrations 
of UICC Reference Samnlns Between M ornan et al and 

(Cralley et al) 



FIBRE r\m SWCX 


CHROMIUM 
(pnm) 


rnRAl.T 
(nnm) 


NICKF"L 
(nnm) 


African Chrvsotile 


600-1700 
(1390) 


^ ion 
(55) 


1200-290O 
(1250) 


Canadian Chrvsotile 


100-1200 
(490) 


-CIOO-IOO 
(46) 


100-2^00 
(900) 


African Amosite 


^ 100 
(35) 


^100 
(7) 


^ 100 

( «=- mo) 


African Crocidolite 


*■ 100 

(16) 


<£. 100 

(?) 


^100 

( <- 100 
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while in hiolonical residence. There also annoars to ho a "thinninn 

f 1 11 
of th<* fihril walls suooostinn a loss of material "in vivo'. Man. 

nesium has also heen shown to loach from fibres while in the limns of 

rats. fin the other hand, amnhibole fibres tend not to snlit or 

chanoe shane in luno fluids and fire thus observed in the same state 

as when inhaled. 



04 . 08 TRACE METALS PI ASBESTOS 

Trace metal analysis of asbestos is of increasing importance 
as same researchers have attributed asbestos- induced diseases to the car- 

cinonenic potential of some of the trace metals found with the asbestos. 
Cralley et al revealed appreciable concentrations of chromium, cobalt. 
nickel and manoanese as did !'.eenan and Lvnch/ ' r roth renorted 
beryllium, cadmium, copper, thallium and postulated the damanfnn effort 
on tho Tun*?. M o'" there are einht trace metals known with distinct 
concentration rannes. 

Lockwnod's investinations showed: 

Beryllium: 2-14 uo* ^onpor: n -°f un 

Cadmium: 3-10 uo ^anqanese- 325-10P5 no 

Chromium: 202-771 un nickel : 299-1187 un 

Cobalt: 3C-78 un * microorans of ra*tftl ner 

nram of asbestos . 

(6) 
Data obtained by Cralley et a! agrees well with 

results obtained by Holmes et al and with values more recently 

obtained by Morgan and Sandals/ ' as can be seen from Table 

2. Generally it was found that chrysotile had greater amounts of 

(6) 
nickel and chronium, whereas amosite was higher in manganese. 

(6) 
Crocidolite had the lowest trace metal content. The iron content 
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of Canadian chrysotile is 1.9 - 4.8% with up to half associated with 

(10) 
a magnetite impurity. 

Trace metal constituents of asbestos are not always 
structurally incorporated in the fibre and may be present in asso- 
ciation with contaminating minerals such as magnetite, brucite, or 

(10) 
chromite. 
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05. SOURCES AND CONTROL OF EMISSIONS INTO THE ATMOSPHERE 

05.01 INTRODUCTION 

This section will discuss in depth the sources of asbestos 
emissions into the ambient air and the control of these. Expected source 
strengths will be presented and the degree and feasibility of control an- 
alyzed. The principles of in-plant control techniques will be discussed 
briefly. 

05.02 USES OF ASBESTOS 

From early Greek times, when asbestos cloth was worn by 

(52) 
slaves and the dead were preserved in this cloth when buried/ asbestos 

has proven through the years to be one of the most useful and versatile 
minerals available. Today, it is used in more than 3,000 products. 
Since it is impervious to heat and is fibrous, asbestos is the only mineral 
that can be woven into cloth so, consequently, it is spun into fireproof 
clothing and theatre curtains as well as household items like non-combust- 
ible drapes, rugs, pot holders and ironing board covers. Floor tiles, 
roofing felts, plasterboards and wall boards are also made with asbestos. 
Asbestos is an ingredient of plaster, stucco and many paints and putties. 
It is probably present in some form or another 1n every home, school, of- 
fice building and factory in the country. Since it is also used 1n brake 
linings, clutch facings, mufflers, gaskets, sealants, caulking and exten- 
sively used in ships, asbestos is a component of every modern vehicle, 
including space ships. Since the material is economic 1n cost, use and 

maintenance and is highly resistant to corrosion, either through exposure 

(3) 
to weather or buried in the ground/ ' it is widely used in the cement 

and insulation industries. Table 1 lists the uses of asbestos in more 

detail. 
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TABLE 1 . 



A sbestos Friction Materials - 

Brake Lininns 

Woven, containinn asbestos varn, tane, ot clot* 1 
Molded, includinq all nonwoven tvnes 

Clutch Facinn 

Woven, containinn as h ostos varn, tane, or clot 1 
Nonwoven - Clutch linino 

Transmission linino 



Asb estos-Cement Materials - 

Flat sheets and wall board, all thicknesses converted 

to 1/4" basis 

Slabs 

Corruqated sheets 

Pines 

Corrunated til^s for roofs in industrv, agriculture, 

and dwell inns 
Planks for platforms in builriinqs under construction 
Ralconv canonies 
Rain nutters 
Interior wal Is 
Ventilatinn shafts 
Air conditionino assemblies 
Pressure nininq (for underground drink inn water distribution 

systems, fuel nas , and sewane) 
Coolino towers (electricity-qeneratinn stations) 

Asbestos felts 

Roofinn-asphalt or tar saturated 

Other 
Other asbestos and asbestos-cement nroducts, includinq 

millboard and orefahricatod housinn comnonents 

Asbe stos S hin gles and Clapboar d 

Sidinn shinnies and clanboard, includinq accessories 
Roofino shinnies 



Asbesto s Textiles - 

Asbestos textiles 

Yarn, cord, and thread 
Cloth 

Other asbestos textiles, includinn rovinn, lap, wick, 
rone, tane, carded fibers, etc. 



Gaskets and Insulation - 

Gaskets, All Types 

Gaskets (for seal inn nonmovinn parts) 

As^stos, asbestos -metal lie, and asbestos-rubber 
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TABLE 1 . (Cont'd) 

Packinq (except leather, rubber, and metal) and asbestos 
insulations 
Asbestos compressed sheet 

Packinq (for sealinq movino parts) 
Asbestos, asbestos-metallic, and asbestos-rubber 

Insulation materials containinq asbestos pipe insulation 
Cellular and laminated 
85 percent maonesia 
Diatomaceous silica, calcium, silicate, expanded silica, 

and asbestos fiber 
Other pipe insulation 

Block insulation, includino sheet and laoninq 
85 percent maonesia 
Diatomaceous silica, calcium silicate, expanded silica, 

and asbestos fiber 
Other block insulation, includino cellular and laminated 
All other asbestos insulation 

Asbestos Boards and Papers - 

Boards 
Filterinq and clarifyinq 
Coverinas, coatlnos, casinqs, and jacketinqs for all 

kinds of surfaces 
Manufacturinq of welders' and melters' shields 
Slideways in the qlass industry 
Handles and fire-doors 
Auto Parts 
Safes 

Protective walls 
Curtains, etc. 

Sheets 

Inner/outer lininqs of furnaces and heating vessels, 
dryinq ovens, incubators, heaters, climate-controlled 
spaces, etc. 

Plates 

Insulatinq buildinqs aqainst vibrations (aluminum-asbestos) 
Solar-heat reflectinq surfaces (70% of solar heat) 

Special Asbestos Paners 
Filters 



Asbestos Plastics - 

Floorino tiles (asbestos -asphalt tiles and, increasinqly, 
asbestos-polymers of vinyl) 

Pressed or molded (thermal insulation and in electrical 
machinery) 

Resinated asbestos felt (manufacturinq of winos and firinq 
of missiles and expansion cones for nozzles of boost motors) 
Other uses in aircraft industry: nozzles for motor tubes, 
missile tailpipes, and missile-heat barriers; fuselaqes 
for guided missiles, fuel tanks for fiqhter bombers, cabin 
floors, etc. 
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TABLE 1. (Cont'd 



Asbestos Acid-Resistant Compositions - 
Used mostly in chemical industry 



Sources: (1) (5) (17) (37) (14) 
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05.03 EMISSION SOURCES (GENERAL) 

Many products, at times unknown to the user, contain asbes- 
tos of one kind or another. There are chances of fibre release during the 
use of the product. The likelihood of release depends predominantly on the 
ease with which the fibres can be dislodged by the application of energy 
and on the degree to which the application of energy actually destroys the 
fibres during the use of the product.' ' Most asbestos fibres become tightly 
bound within the product and usually undergo little actual wear or abrasion 
and are therefore not considered a problem (1e., cement products, vinly as- 
bestos tile, etc.) except when these materials are reshaped or uncoated, 
fibres become free and are released through the friction, destruction or 
deterioration. ' In some products, the asbestos 1s not tightly bound or 
mixed with another material and fibre release occurs during the application 
and removal of the product so special precautions must be taken for control 
purposes (1e., asbestos textiles, Insulation materials). '*' Some asbestos 
products, s uch as brake linings, a re subject to a great deal of friction and, 
therefore, must be considered a possi ble emission source. 

The sources and subsequent control of emissions can be 
divided into five categories: 

(1) natural sources of airborne fibres 

(2) mining and milling of asbestos 

(3) manufacture of products containing asbestos 

(4) the consumption of asbestos products 

(5) disposal of asbestos waste materials 

05.04 NATURAL SOURCES OF AIRBORNE FIBRES 

Approximately 30 varieties of asbestos are widely distributed 
in rocks occurring at, or near, the surface of the earth.' 2 '' ' Natural 
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erosion processes, which are estimated to weather approximately 10 
tons of rock annually on a world wide basis,' ' will accordinqly re- 
lease asbestos fibres into the air, water and soil. Asbestos fibres can 
become airborne during roadbuilding, construction, tillinq of the soil, 
and landslides, besides erosion and weathering. 

It would be desirable to have information on the background 
levels of asbestos because this would assist in evaluating the effects of 
control measures and permit some estimates of the lower limits of contam- 
ination that might be achieved in different areas of the country. At 
present, no figure s are avaJ1flf»ip ™ EjifilfijttQHad lounic. 

05.05 MINING AND MILLING OF ASBESTOS 

05.05.01 MINING 

Chrysotile, which is the fibrous form of serpentine, and 
crocidolite, amosite, anthophyllite, tremolite, and actinolite which are 
fibrous forms of the amphibole minerals, usually occur in veins embedded 
in massive rock deposits. The three fibre types are cross, slip or bulk. 
The concentration of asbestos in commercial ores ranges from as much as 
60% in short fibre ore to 3%-10%^ ' in longer fibre deposits. Information 
concerning Halliday and Midlothian Townships in Ontario and the proposed 
United Asbestos Mine at Lloyd Lake indicates that strinqers and veinlets 
of cross- and slip-fibre asbestos cut the serpentinized ultra-nafic in- 
trusive rocks in a zone 4,000 ft. by 200 ft. along the north shore of 
Lake Lloyd. ^ 69 ^ Approximately 9%-107 o of the ore is chrysotile. ^ 16 ^ 71 ' 

When deposits of asbestos occur near the surface of the 
earth and are not bound within massive rock deposits, surface mining 
methods are employed. The shallow overburden and the ore are removed 



39. 



by power shovel and bulldozer or by other scraper-type methods. The 

mining proceeds along either parallel or spiral terraces, which extend 

to the floor of the pit. In addition, open-pit and underground mining 
are sometimes applied concurrently, as in the Quebec mines. 

Table 2 lists the history of chrysotile asbestos production 
in Ontario. At present, there are three asbestos m ines operating or pro- 
posed for Ontario by 1975, all open-pit. ' 



(1) Hedmand Mines Limited is currently mining apnroxi- 
mately 150 tons of asbestos ore per day in Warden 
Township and milling this material at their mill in 
Matheson' 46 ' (capacity 300 tons/day^ 15 '). 

(2) Canadian Johns Manville 1s reopening their asbestos 
mine and mill at Reeve Township west of Timmins. Ex- 
pected milling rate is 5,000 tons/day. ' 

(Feb. 20/75, this mine closed down for an indefinite period. 

(3) United Asbestos is currently constructinq a new mine 

and mill in Midlothian Township near Matachewan. Ex- 
pected milling rate is 3,500 tons/day. ' 

A typical asbestos operation is shown schematically in 
Figure 1. Holes are drilled into the deposit with compressed air or elec- 
tric drills, and blasting then loosens the ore. Rough separation of ore 
and barren rock in the pit 1s followed by power shovel loading of trucks 
and transportation of ore to the mill. 

EMISSIONS 

Each of the processes associated with asbestos mining is a 
potential source of emission. Local meteorological conditions can significantly 
aggravate mining and milling emissions. For example, rain, sleet and snow 
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TABLE 2 







CHRYSOTILE ASBESTOS PRODUCTION Iii ONTARIO 


Year 


Tons 


Value 


Mine 


Operator 


1917 


10 


$ 2,150 


Slade-Forbes 


Slade-Forbes Asbestos i.c.,;pc n> 


1923 


6 


2,600 


Bowman 


bowman Asbestos Mines 


1924 


172 


91 ,900 


Bowman 


Porcupine Asbestos Minim v.rc 


1925 


2 


901 


Bowman 


Porcupine Asbestos Minimi Sv:- • 


1926 


14 


3,935 


Bowman 


Porcupine Asbestos iii nine .;,;,. 


1937 


1 


250 


Rahn Lake 


Rahn Lake Mines Corporation l.ftf-i! 


1939 


18 


720 


Rahn Lake 


Rahn Lake Mines Corporation . 


1950 


10,518 


1,493,099 


Munro 


Canadian Johns-llanvill uwra-i 


1951 


26,549 


3,766,769 


Munro 


Canadian Johns-Manville I 


1951 


38 


6,300 


Slade-Forbes 


Teegana Mines Limited 


1952 


23,033 


3,847,853 


Munro 


Canadian Johns-Manville Cotnpai Li 


1952 


63 


14,800 


Slade-Forbes 


Van Packer Mines of Canada .' . 


1953 


23,529 


3,965,299 


Munro 


Canadian Johns-Manvil le L..i,.i, 


1954 


21,389 


3,497,824 


Munro 


Canadian Johns-lianvil le Comp 


' 1955 


24,550 


3,317,542 


Munro 


Canadian Johns-Manville Cotnpai 


| 1956 


26,748 


3,929,782 


Munro 


Canadian Johns-Manville Con^aity 


1957 


20,947 


3,529,570 


Munro 


Canadian Johns-Manville Coir.r . 


1958 


21 ,650 


3,849,370 


Munro 


Canadian Johns-Manville Company Lid 


1959 


24,350 


4,327,628 


Munro 


Canadian Johns-Manville Coinp«,-y Ltv! 


1960 


23,284 


4,128,920 


Munro 


Canadian Johns-Manville Company I * 


1 1961 


25,047 


4,362,668 


Munro 


Canadian Johns-Manville Compai.v ' 


1962 


35,551 


5,686,720 


Munro 
Hedman 


Canadian Johns-Manville Compan 
Hedman Mines Limited 


1963 


33,715 


5,372,645 


Munro 
Hedman 


Canadian Jchns-Manvil le Compt. . i 
Hedman Mines Limited 


1964 


15,512 


2,199,918 


Munro 

Hedman 

Reeves 


Canadian Johns-Manville Company LUi 
Hedman Mines Limited 
Johns-Manville Mining & Tradii. i t*J 


1965 


1,758 


69,258 


Hedman 


Hedman Mines Limited 


1966 


1,696 


64,519 


Hedman 


Hedman Mines Limited 


1967 


1,631 


61 ,240 


Hedman 


Hedman Mines Limited 


1968 


17,554 


2,107,014 


Hedman 
Reeves 


Hedman Mines Limited 
Johns-Manville Mining &Tradin<) Lid 


1969 


36,068 


4,375,475 


Hedman 
Reeves 


Hedman Mines Limited 
Johns-Manville Mining & Trading 1 til 


1970** 


38,000 


4,961,000 


Hedman 


Hedman Mines Limited 








Reeves 


Johns-Manville Mining & Tradi.:<; 1 U 



^Production 1917-1952 reproduced from Hewitt and Satterly (1953, p. 4); Statistical 
Files, 0DMNA 
♦♦Preliminary figures. 



Source: (70) 
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Figure I - Flowsheet of an asbestos operation 
Source: (70) 
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tend to reduce emissions because they result in wetting or covering 
exposed ore deposits in addition to scavenging the atmosphere but, con- 
versely, strong winds are capable of widely dispersing existina emissions 
as well as eroding waste rock dumps, tailings and any other loosely bound 
asbestos fibres in material exposed to the atmosphere by mining operations. 

In those surface mining operations that require blasting, 

the use of rotary or percussion drilling machines that incorporate air- 

(14) 
flushing is a potential source of appreciable amounts of dust emissions. ' 

Air-flushing refers to the use of an air stream, operated by pressure, 
vacuum, or pressure and vacuum in combination, to cool the drill bit and 
lift cuttings out of the hole formed for placement of explosive charges. 
Air travels down the hollow center of the drill bit as the drill cuttings 
move upward along the outside of the bit. Smaller dry suction drills em- 
ploy an Injector to exhaust air from a hood or cowl that encloses the drill 
bit at the hole collar. Even in a wet-drill inq process, in which compressed 
air and water are injected in the downward-flow mode, a portion of the dust 
generated by drilling escapes without being converted into sludge. Further, 
a respirable aerosol of water droplets having entrained drilling dust can 
be emitted. 

Detonation of explosive charges in the open-pit mining of 

various minerals breaks up massive deposits of asbestos-bearing rock, and 

(14) 
the blast can produce a cloud of dust that may contain asbestos fibres. 

Similar emissions can occur when secondary blasting 1s used to reduce 
boulders to a size acceptable by the mill or to dislodge large rock de- 
posits 1n open-cast mining. 

In surface mining, the operations of removing overburden, 
scraping and shoveling of ore, preliminary screeninq of ore, conveying of 
ore, loading of ore into trucks, and the unloadino of ore from trucks into 
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(14) 
hoppers at the mill can generate emissions of asbestos dust. v ' Some 

ores have a high moisture content (at United Asbestos, Matchewan, it is 

9-10% while the average moisture content of serpentine rock is 4-5%)/ ' 

' ' and therefore, emissions from processinq these ores are less than 

those encountered with dry ores. The emission points associated with 

underground mining installations include sorting, conveying, loading, 

and unloading operations, which are performed on the surface outside the 

mines. The exhaust of ventilation air from underground mines to the at- 

(14) 
mosphere can also produce emissions. ' 

The transit of ore-loaded trucks over distances of per- 
haps hundreds of miles between a mine and the processing mill represents 

(2) 
another potential emission source/ ' If the moisture content of ore 

hauled 1n open-truck bodies or the unsealed surface of roads constructed 

of asbestos-containing overburden or mill talllnns is low, asbestos dust 

can be entrained by the atmosphere as the ore load is jostled and the road 

(2) 
surface 1s abraded. * * 

CONTROL TECHNIQUES : 

The standard techniques for dust control 1n other open-pit 

to) 
and underground mines are suitable for asbestos x ' but overall emissions 

from asbestos mining facilities are not stringently controlled at present. 
The absence of a higher degree of control is traceable to the fact that 
most operations are completely exposed to the atmosphere, with the result 
that emissions are diluted with ambient air over the relatively large sur- 
face areas such as mining pits and roads. 

The atmospheric emissions that result from primary and 
secondary blasting 1n asbestos surface mining are essentially uncontrolled 
at present. ' An optimum combination of amount, depth, and location of 
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explosive charge should be sought that will produce complete combustion 
of the explosive compounds, along with the required loosening and breaking 
of a deposit, without unnecessary expulsion of material into the air. 
Multi -delay devices for the initiation of detonation have been used suc- 
cessfully at limestone quarries, but incomplete combustion of multi -del ay 

charges, resulting from the highly fractured nature of the ore, has been 

(14) 
observed at one domestic asbestos mine/ ' 

The use of liquid or paste stemming materials in blasting 

holes is a promising dust control method. In European coal mines, reductions 
of 20 to 80 percent in dust concentrations have resulted from placing 

plastic cartridges filled with water, or water in combination with a 

(14) 
wetting agent, into holes before blasting/ ' This technique has also 

been tested in copper mining operations. As an alternative to the use 

of liquid-containing cartridges, pastes with a cellulose or bentonite 

base can be employed/ ' Container materials and wettinn agents that 

would not interfere with the required purity of the milled asbestos 

should be developed. 

Effective primary blasting minimizes the need for second- 
ary blasting and is, therefore, an indirect method of controlling emissions 
from secondary blasting. The use of drop-ball cranes and pneumatic or hy- 
draulic rock splitters as substitutes for secondary blastinn has proved 
to be effective 1n controlling emissions from limestone quarrying, however, 
the extent to which the elasticity of asbestos-bearing rock migh limit the 
effectiveness of drop-ball cranes for secondary fragmentation has not been 
fully evaluated. 

Both dry centrifugal dust collectors and fabric filters 
have been applied to allay the dust generated during air-flushed drilling 
of holes for explosive charges/ ' It 1s well known that the collection 

efficiency of fabric filters, expressed on a total mass basis, exceeds that 
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of conventional cyclone collectors. Specially designed fabric filters 
can be applied to pit drilling operations. 

The use of wet drilling methods to control emissions has 
been excluded from some asbestos mining operations because of extremely 
cold climates or restrictions imposed by water pollution control regula- 
tions. Other types of surface mining operations have overcome prohibi- 
tively cold weather by heating water on the drilling machine and insulating 
the storage tank and all exnosed piping. Even heated water, however, can 
freeze after discharge from the drill hole. Since primary drill holes are 
often located within 10 feet of the edge of a bench (a terraced edge of 
the pit), which may range from 30 to 75 feet in height in asbestos quar- 

C\A) 

ries, the presence of ice can pose a serious occupational hazard. v ' 
In warmer climates, the tendency of the drill cuttings to cement together 
as water seeps into asbestos seams in the fractured rock is an operational 
problem that limits the effectiveness of wet drilling. In the case of wet 
drills, smaller than those used for primary drilling, the inclusion of 
special design features, such as front-head release ports for the vent- 
ing of compressed air or an external water feed mechanism, can control the 
emission of unwetted dust or respirable water-dust aerosols. 

Ontario asbestos mines are subjected to very low winter 
temperatures. As a result, United Asbestos, in a recent application for 
approval of production, specified the dry drilling technique with indivi- 
dual bag collectors installed on each drill. ' 

The removal of overburden from ore deposits, shoveling of 
loosened ore, surface scraping of ore, preliminary screening and conveying 
of ore at the mine, and loading of ore into trucks produce asbestos emissions 
that are substantially uncontrolled at present. These operations, as well 
as primary and secondary blasting, should be scheduled to coincide as much 
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as is practical with meteorlogical conditions favourable 
to the suppression of atmospheric emissions. In particular, coonizance 
should be taken of seasonal variations in weather conditions. The limit- 
ing of operations to periods of favourable weather conditions may occa- 
sionally be impractical because of the large amount of equipment involved 
and because of safety precautions requiring that blasting be carried out 

on the same day that the charge is loaded. The application of water or 

(2) 
chemical sprays can alleviate emissions from ore loading in some cases. 

Limiting factors are the possible freezing of the water or the introduction 

of chemicals that would interfere with the end use of the asbestos. 

The atmospheric entrainment of asbestos dust emitted from 
loads of ore in transit from mine to processing mill can be controlled by 

transporting the ore in a closed-body vehicle or by fittinq a flexible, 

(2) 
impervious cover over the exposed ore load. v ' Where roadways connectinq 

mine and mill have been surfaced with asbestos mill tailings, emissions 

(2) 
can be reduced by periodic spraying of the roadways by water trucks. ' 

Care must be taken, however, to ensure that hazardous driving conditions 

are not created. Tests have shown that the application of lignin sulfonate 

to roadways at mining facilities reduces markedly the emission of dust 

caused by vehicular traffic. A solution of 10 to 25 percent solid lignin 

C\A) 

in water has given the best results. ' More recently, the application 
of emulsified asphalt to roads servicing open-pit mines has provided even 
greater emission reduction than the use of lignin sulfonate. In the plan- 
ning of mining and milling operations, the possibility should be examined 
of reducing roadway emissions through minimizing the number of vehicle- 
miles by using trucks of maximum practicable capacity and by reducing the 
distances between mines and mills. The operating speed of vehicles is an 
important parameter that can affect emissions from unpaved roadways. 
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Asbestos emissions that result from the dumping of ore 
from trucks at the mill site can be abated by the use of water sprays or 
by the application of capture hoods or enclosures combined with gas clean- 
ing devices. Some domestic mills currently use partial enclosure and water 

(14) 
spraying techniques/ ' 

Attempts have been made to stabilize mine overburden dumps 
where the waste rock, sand, and clays of hard-rock asbestos deposits are 
chemically neutral. These efforts have been successful to the extent that 
grasses and trees have been established over the surface of some waste 
dumps. Most areas exposed by open-pit mining, other than steep slopes, 
can probably be revegetated. 

05.05.02 MILLING 

Separation of asbestos fibers from accompanying masses 

of rock typically is initiated by conveying mine ore, via a large hopper 

(14) 
and pan feeder, to a primary crusher. v ' In some instances, larger bodies 

of crude asbestos fibers, freed from massive rock deposits, are removed by 
hand-sortino at the mine. In typical commercial practice, a primary, jaw- 
type crusher then accepts boulders of up to 48 inches 1n "diameter" and 

(14) 
reduces these to fragments with "diameters" not larger than 6 inches/ ' 

Subsequently, this crushed rock is transported by belt conveyor to trommel 

screens, which are rotating cylinders with openings of various sizes, or to 

a stationary-bar grizzly, a type of screen, for the sizing operation. Ore 

fragments of greater than 1-1/4 inch "diameter" are routed to a secondary 

cone-type crusher for further reduction in size, and the outputs of primary 

and secondary crushers are conveyed to a wet-ore storage pile exterior to 

(14) 
the mill. v ' This stockpile usually contains a sufficient quantity of ore 

to sustain mill operation for an extended period of time. The above sequence 

of operations is illustrated in Figure 1. 
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In larger milling operations, wet ore is extracted from 
the bottom of the wet-ore stockpile by a vibrating-chute feeder located 
in an underground tunnel. The wet ore enters cylindrical dryers that 
slowly rotate to permit baffles internal to the dryers to pick up and 
release the wet ore continually and thereby thoroughly exnose it to a 
drying current of hot air. This air, heated in a firebox at one end of 
the dryers, is forced co-currently throuqh the dryers in the axial direc- 
tion. Ore is heated typically to 110°F, and a downward inclination of 

about 4 degrees fixes the residence time of the ore in the dryers at 

(14) 
approximately 15 minutes. ' 

The dried ore is conveyed by belt to a vibratina screen 
that sizes the ore for fine crushing. Ore of more than 1-3/8 inches in 
"diameter" is sent to a cone crusher connected 1n a closed circuit with 
the screen, whereas the ore of particles larger than 5/8 inches and smaller 
than 1-3/8 inches is diverted to cone crushers that produce material of 
approximately 1/4 inch "diameter"/ ' The undersized screenings and the 
output of the latter crushers form a dry-rock stockpile, which is housed 
so that it 1s protected from the exterior environment. 

The finely crushed, dried asbestos ore next traverses a 
rock circuit. The principal purpose of this set of operations is to sep- 
arate asbestos fibers from the co-existing rock, but the circuit secondar- 
ily functions to grade fibers according to length. The over-sized material 
from the first vibrating screen passes to fiberizers that further disinte- 
grate the rock and release additional fibers. Undersized material from 
this same screen is routed to shaker screens of finer mesh; these screens 
are equipped with air suction (aspiration) hoods that facilitate the en- 
trainment of asbestos fibers in an air stream and thereby separate them 
from the surrounding rock. This air flow conveys the asbestos to fiber- 
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cleaning circuits. The continuation of the process is accompanied by 
additional screenings, air aspiration to remove freed asbestos fibers, 
and further rock disintegration in an impact mill. 

In the rock circuit, cleaned rock is finally expelled to 
an exterior tailings dump. As the air streams that convey aspirated 
asbestos fibers are passed through cyclone collectors, the fibers are 
removed for cleaning and for additional grading. Exhausts from these 
collectors are ventilated to gas cleaning devices. At this step of the 
process, the asbestos fibers have been graded according to long, medium, 
and short lengths. 

It is intended that the fiber-cleaning circuits perform 

additional fiber opening, classify and separate opened fibers from rock 

(14) 
and unopened material, and carry out further fiber-length grading. 

Initially, the fibers pass through graders constructed of perforated 
plates in which rotating beater arms further open the material. Under- 
sized fractions are added to short fibers from the rock circuit, and the 
oversized material undergoes aspiration on shaker screens to transfer the 
fiber to the grading circuit. Various other staoes of screeninn, aspirat- 
ing, and opening are involved in this circuit; in addition, some material 
is rejected as waste. The aspirated asbestos fibers are deposited into 
cyclone collectors and subsequently delivered to the grading circuit as 
long, medium, short, and extra short fibers. As 1nthe case of the rock 
circuit, the exhausts of the cyclones are directed to a gas-cleaning device 

The separation of asbestos fibers into numerous standard 
grades, in addition to further fiber cleaning, is accomplished in the 
grading circuit. ' Standard grading machines affect additional opening 
of fibers and facilitate the removal of shorter fibers. The process of 
air aspiration from vibrating screens separates out additional fine dust, 
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fine rock fragments, and unopened fibers. To control asbestos-containinq 
dusts, the cyclone collectors are exhausted throuqh fabric filters. Table 
3 outlines the Canadian Chrysotile Classification System for grading asbes- 
tos fibers. 

Asbestos fibers are machine packaged either by compressing 
the material into a dense-bundle or by blowing the material into a container. 
The longest fiber grades are loosely packed to minimize damage to the fibers 
and to eliminate the subsequent necessity for excessive will owing of com- 
pressed materfrfK 

EMISSIONS 

The milling of asbestos ore by a dry process requires an 
extensive amount of handling and subdividing of the material in both a 
damp and a dry state. Consequently, there are numerous potential sources 
of asbestos emissions at a milling facility. 

The dumping of mine ore from trucks onto a wet-ore stock- 
pile or into receiving hoppers is a potential emission source at the mill 
site. Further, asbestos-containing dust at the surface of an ore pile is 
susceptible to varying degrees of atmospheric entrainment, depending upon 
the moisture content of the ore and the strength of local winds. 

The separating, cleaning, and gradlno of asbestos fibers 
requires large volumes of air, which are ventilated through fibric filters 

before being exhausted to the atmosphere or recirculated to mill buildinqs. 

(14) 

x ' Because makeup air is drawn in to replace the exhausted air, process 

areas of a mill are frequently under negative pressure. When the volume 

of air exhausted to the atmosphere 1s sufficient for the entire mill to be 

under negative pressure, emissions to the atmosphere are increased. 



51. 



TABLE 3 



CANADIAN CHRYSOTILE CLASSIFICATION 



Group No. 1 No. 1 Crude - cross-fibre veins having 3/4 Inch . ^ 

staple and lonqer. .^AflU 

ft\- - i ' - ' "' *■ 



Group No. 2 No. 2 Crude - cross-fibre veins having 3/8 indflH 
staple up to 3/4 inch. 

Run-of-mine Crude - consists of unsorted crude^l 
Sundry Crudes - consists of crudes other than 
specified. 



Group No. 3 (Commonly referred to as textile or spinning fib 



3D 
3F 
3K 



3T 
-2L 



Group No. 4 (Commonly referred to as shingle or asbestos cement f1 

4D 
4H 
40 
4K 
4M 
4R 
4T 
4Z 

Group No. 5 (Often referred to as paper stock grades but also 
' considered as short shingle fibres) 

' *fiSi Up"" 

50 

5K * 2 3 

5M *^ 




5R 



% 




Group ho. 6 (W< te, stucco, or plaster fibre) 



6D 



Group No: ? 
70 




Group No. 8 (Sand) 



8S under fifty pounds per cubic foot loose measure 

8T under seventy-five pounds per cubic foot loose measure 



Group No. 9 (Gravel and stone) 
9T 



0.5 


10.5 





12.0 





11 





10 



Source: (70) 
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ASBESTOS SAMPLES 
(Courtesy of Canadian Johns-Manville Co. Ltd.) 




Crocidolile (Blue) Asbestos 
Grade 4D-30 (Group r^4) 




Chrysotile (White) Asbestos 
Grade 4D-30 (Group *4) 
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As asbestos ore, asbestos fibers, and asbestos-containing 
tailings are transported among the numerous processing devices of the mill 
by belt conveyors, the jostling motion, combined with the large surface 
area of material exposed to the environment, can produce significant 
asbestos emissions either directly into the exterior atmosphere or into 
the surrounding work space. Examples of such emission sources are trans- 
portation of material from a wet-ore stockpile to a dryer, from a dryer 
to a grading screen, from one vibrating air aspiration screen t6 another, 
and from the undersized side of a vibrating air aspiration screen to a 
tailings conveyor. The potential for particularly severe emissions exists 
whenever asbestos-containing materials are handled at the transfer points 
of conveyor systems. 

The severe fracturing of rock by primary and secondary 
crushers frees additional asbestos fibers from the ores; the accompanying 
mixing action of the crushers facilitates the emission of asbesots-contain- 
ing dusts to the interior spaces of the equipment/ ' Because feed and 
discharge ports must be provided for crushers, an opportunity exists for 
the emission of asbestos to the exterior environment. 

A large source of emissions from asbestos mills is the 
effluent from ore dryers. * The mechanical agitating action of the dryer 
and the necessity for contacting the ore with large volumes of air contrib- 
ute ^o the entrainment of asbestos-containing dust 1n the heated gas stream 
In addition to contaminants from the ore, the dryer exhaust contains a sig- 
nificant amount of moisture and the products of combustion from the air- 
heating device. The effluent temperature varies widely and can ranqe from 
140°F to 500°F. 

The vibratory or Oscillating motion of grading screens and 
the resulting sifting action of the screens as the asbestos-containing 
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material is separated into a ranqe of sizes expose large surface areas 

of material to the surrounding air; the surface of a typical screen 

(14) 
measures 5 feet by 11 feet. ' Accordingly, this process results in 

appreciable quantities of airborne dust. If there are no provisions for 

capturing and containing the dust, it is emitted directly into the mill 

work space. 



Even though the packaging of asbestos fibers by machine 
minimizes handling and exposure of the material to the atmosphere, emis- 
sions can occur at the interface between the material and the package 
during the filling and sealing of containers. The packaqinq of fibers 
into coarsely woven bags or otherwise non-dust containers can yield emis- 
sions during further handling operations. 

Large quantities of dry, finely divided rock that contain 
asbestos dust must be removed from most asbestos mills as waste material. 
The transfer of this rock by a moving-belt device or by vehicle to an 
exposed tailings dump can generate emissions to the atmosphere. Emissions 
can also result from the placement of tallinos onto an existing dump, from 
the leveling of the dump to permit further deposition of wastes, and from 
direct entrainment of surface dust by ambient air currents. 

CONTROL TECHNIQUES 

To control asbestos emissions from the surface dDstinq of 
ore stockpiles, water can be sprayed onto the material from adjacent towers 
This technique has also been successfully applied in the control of parti cu 
late emissions from exposed limestone stockpiles. In a typical limestone 

application, water is sprayed at a rate of 500 gallons per minute from 

(14) 
towers 40 feet high; the spray covers a circle 200 feet in radius. 

For asbestos applications, it may be necessary to use the lowest feasible 
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flow rates in order to avoid the discharge of asbestos-containing water 
from the facility and to comply with applicable water pollution control 
regulations. 

It is technically feasible to house exterior belt and 
bucket conveyor systems in completely enclosed galleries to prevent as- 
bestos emissions from material in transit and from the emptied return 

(14) 
side of the systems. ' Furthermore, the attainment of safe occupational 

asbestos exposure levels may require the enclosure of in-plant conveyor 
systems. The asbestos milling industry is currently applying these con- 
trol techniques to a limited extent. Points at which asbestos ore, as- 
bestos fiber, and asbestos-containing waste materials are transferred 
between process equipment and conveyor systems, as well as conveyor 
system transfer points, can be hooded and ventilated to qas-cleaning 
devices to control emissions. 

The feed and discharge ports of ore crushers can be fitted 
with dust capture hoods to control asbestos emissions; the hoods should 
be ventilated to a gas cleaning device such as a fabric filter. 

Historically, cyclone collectors have been applied more 
widely than any other type of gas-cleaning device to control asbestos 
emissions from ore dryers, largely because of the relatively low initial 

cost, simplicity of construction, and low maintenance cost of these de- 

(14) 
vices. ' Also, the dust collection efficiency of cyclones is relatively 

insensitive to variations in process gas temperature and to the condensation 

of moisture within the collector. However, the fact that the efficiency of 

these dry centrifugal collectors is considerably less than that attainable 

with some other widely employed gas-cleaning devices has prompted attempts 

to gain increased collection efficiency. 
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Fabric filters have been successfully applied to the 
control of emissions from asbestos ore dryers, and it is reported that 
asbestos emission levels of approximately 2 X in particles per cubic 
foot (ppcf) have been realized. ' Two units were in operation in 
Canada in 1971. Figure 2 shows an asbestos ore dryer of the fluidized- 
bed type and accompanying bag filter installation that was installed at 
a Canadian mill in 1972. The filtering chambers of these baghouses are 
thermally insulated to prevent excessive cooling of the effluent gas 
streams and the possible condensation of water; the occurrence of con- 
densation could Irreversibly cement adhering dust cakes. Orion, Dacron, 
Nomex, Teflon, Terylene or Fiberglass, which can withstand the high temp- 
eratures of the gas streams, are required as filter materials. ' Addi- 
tional protection against excessively high temperatures or condensation 
of moisture during short time periods can be provided by the use of by- 
pass arrangements. Potential emissions from several processes can be 
controlled by dust capture hoods (ie., the grading screens, the bagginq 
of fibers, etc.). 

As one method of controlling emissions when dry, asbestos- 
containing mill tailings are placed on a relatively flat disposal pile, a 
mobile dumper is used at the end of a belt conveyor that transports the 
wastes. As disposal proceeds, the location of the dumper is periodically 
changed in order to maintain the tailings pile as nearly level as possible 
and thereby minimize emissions caused by shifting the tailings with earth- 
moving equipment. An inverted funnel mounted to the dumper discharges the 
wastes in close proximity to the surface of the dump in order to assist in 
reducing emissions at the point of deposition; however, the elimination of 
visible emissions at the point of deposition may also require that a water 
or chemical spray be used. In other milling complexes, mixtures of water 
and wetting agents have been applied to tailings durinn their discharge 
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Figure 2. Configuration of fabric dust collector for ore dryer. 
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onto waste piles, and this has proved to be moderately successful. Visible 
emissions generated by the dumping of tailings have been totally eliminated 
at one domestic asbestos mill by the mixing of tail inns with water prior 
to deposition. This control technigue is promisino for mills that have 
access to sufficient water and that can overcome the problem of freezing 
conditions. 

In some cases, asbestos mill tailings form large mounds 
across which long belt conveyor systems with several transfer points are 
deployed. The transfer points can be enclosed and ventilated to gas- 
cleaning devices to provide emissions control. Potential emissions from 
segments of the conveyor system between transfer points can be controlled 
by enclosing the equipment. 

Emissions from the surfaces of tail inns dumps can be con- 
trolled by providing a protective covering or seal. Because of the large 
surface areas involved, most of the control methods are expensive. Where- 
ever the eventual surface of the dump is reasonably level, soil can be 
spread as a sealing medium. The establishment of vegetation on dumps is 
hindered by the high alkalinity (pH=9) of the tail inns. In preliminary 
tests, grass has been grown on tailings by first mixing them with the 
acidic tailings of a copper mine across a soil depth of about 2 inches. 
Chemical agents that can be sprayed onto waste dumps to form a protective 
surface crust that is permeable to water are commercially available. The 
penetration of moisture through the crust controls the potential erosion 
and disintegration of the cover by heavy rainfall. In some instances, 
tailings piles from the milling of long-fiber asbestos ores are somewhat 
self-stabilizing because of meteorological conditions to form a layer of 
larger particles that protect the interior of the pile, and the consolida- 
tion of the pile by freezing during long periods of the year. 
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05.05.03 ASBESTOS MINES AMD MILLS IN ONTARIO 

Of Canada's total mill capacity of 88,900 tons 1n 1970, 
Ontario milling comprises 6.3% of the total and by 1975, with the expected 
Increase of production, Ontario's contribution will rise to 10.5%. Quebec 
mining accounts for about 80% of Canada's asbestos production/ ' Table 
4 presents actual production figures for asbestos in Ontario. 

A. Reeves Mine 

The Reeves Mine 1s operated by Johns-Manvllle Mining and 
Trading Limited, a wholly owned subsidiary of Canadian Johns-Manvllle Com- 
pany Ltd.' ' The mine 1s located 40 miles southwest of Timrnins off Highway 



101. Production started in May, 1968, milling 701,521 tons or 3,500 tons 

der i 
(70) 



dally for the remainder of that year.' ' Production increased to 4,400 



tons daily for 1969. 

Two pits have been in operation since 1969; the east pit 

scheduled to be 360 feet deep and the west pit to be about 550 feet/ ' 

Recently, the west pit was closed down to prepare for deeper excavation. 

With the proposed opening of the renovated pit, the Reeves Mine will expect 

to mill 5,000 tons per day. ' Figure 3 is a photograph of the Reeves Mine, 

west open pit, taken in 1970/ ' (Feb. 20/75, this mine closed down for an 
indefinite period.) 

The general tenor of fibre content 1n the ore runs 2-1/2 

to 3% with the richest ore up to 4%.' ' The bulk of the fibre produced 

1s used 1n asbestos cement sewer pipe and 1n asphalt. Some 1s used 1n 

building construction (1e., paper and wallboard). Figure 4 1s a photograph 

of the Reeves mill operation/ ' 

The products of the mill are pressure packed in 100 pound 
bags and shipped by truck to Timrnins then transferred and shipped by rail 
to the Johns-Manvllle plant in Port Credit or any of the other 8 plants 1n 
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TABLE 4 



ASBESTOS PRODUCTION IN ONTARIO 



ONTARIO 


CANADA 
__________ ■ — — — 


YEAR 


QUANTITY 


VALUE 


QUANTITY 


VALUE 


1970 


39,025 tons 


$4,932,142 






1971 


44,014 tons 


$5,339,743 






1972 


37,560 tons 


$4,405,000 






1973 


34,000 tons 


$3,850,000 


1,687,051 tons 

. — i 


$206,088,535 



SOURCE: (76) 
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the United States. 
B. Hedman Mine 



Hedman Mines Ltd. began actual production of asbestos ore 
in February, 1972. Reserves of ore based on an open pit depth of 300 feet 
were calculated to amount to 10,300,000 tons in 1964/ ' Although there 
is a high proportion of extremely fine fibre veinlets, modifications in 
the mi 11 inn technique have allowed up to 11% recovery from some of the 
drill core and as much as 75% from bulk samples/ ' 

This open pit mine is located 1n Warden Township about 8 
miles north of Highway 101 at a point 14 miles east of Matheson. 

The ore mined from Hedman is most suitable for production 
of a single uniform grade of asbestos. Some of the lonq, higher grade 
fibres are sacrificed in a simplified milling technique nroducinq a clean, 
uniform, short-fibre asbestos grading in group 1 . ' Its main use is as 
a filler in plastics. The Hedman Mill is 3/4 mile east of Matheson on the 
Ontario Northland Railway. Mill capacity at present is 300-600 tons/dav. 
' '* * Figure 5 is a photo of the Hedman Mill near Matheson. 

C. United Asbestos Inc. 



Ontario's third mine/mill operation is proposed to begin 
production in 1975 about 17 miles west (by air) of Matachewan. The fibre 
is of good quality. Most of the production will be medium length fibres. 
The quality obtainable is well -suited for the asbestos-cement industry 
because of high unit strength values and very fast filtration rates. The 
shorter grades have good qualities for the manufacture of floorinn, fibre 
reinforced plastics and in the dry wall cement industries/ ' 

The company will mine 3,500 tons/dav of ore qradinq 9% and 
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extracting 300 tons/day of fibre (100,000 tons/year).' 16 ^ 78 ' Tentative 
marketing studies Indicate that 30% of production will go to Europe, 30% 
to the Far East and 40% will be marketed 1n North and South America. ' 
The Matchewan facilities can be readily expanded to 200,000 tons/year of 
fibre as overseas customers buy more products.' ' The ore body contains 



an estimated 31 million tons of ore, enough for 30 years at a 3,500 tons/ 

(78) 



day consumption rate. ' Additional resources may be developed when the 



mining of the serpentine rock under Lake Lloyd eventually becomes feasible. 



05.05.04 EMISSION FACTORS 

Emission factors for mining and milling operations are 
difficult to estimate so, consequently, reported values vary widely. 
Mining and milling asbestos operations are suspected of being a large 
source of ambient emissions .for obvious reasons. Davis and Associates 

estimate an emission factor for the mining and milling operations of 93 

(13) 
pounds per ton of asbestos produced based on data 1n Table 5. They 

estimate that for the year 1968, asbestos emissions for both processes 

were 5,610 short tons in the United States.* 13 ' 

James F. MacLaren Ltd. of Toronto applied emission factors 
complied by the Environmental Protection Agency (EPA). A handling loss 
figure of 2 pounds/ton was applied to loading and unloading operations 
and an additional 4 pounds/ton for dust losses during drilling, blasting, 
and transporting.' ^ On the basis of this 8 lb/ton emission figure, at- 
mospheric emissions from asbestos mines in Ontario using proposed milling 
rates for 1975 will be 33.32 tons. 

James F. MacLaren Ltd. break down the milling process Into 

4 major emission categories. The principal area of concern to the asbestos 

(41) 
industry has been the atmospheric emissions from the dryer stack. v ' From 
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TABLE 5 



as FflrTnp<: cnp hthihti ap mti ' m 

cedj 



ASBESTOS EMIS. 

I pounds per tons of asbestos produce 











Emission 


Mining 


Uncontrolled 


Cyclone 


Baghouse 


Factor 


X 






3 


Loading 


X 






2 


Haulina 


X 






2 


Unloading 


X 






2 


Crushing & Drying 




X 




10 


Millinq 




X 


X 


64 


Tailings 


X 







10 

93 



*Based on baghouse efficiency @ 99.5% and cyclone efficiency 80%. 



SOURCE: (13) in References. 
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data received, James F. MacLaren Ltd. estimated an average loss figure 
of 1.4 pounds/ton (controlled). Mill exhaust losses (through air aspir- 
ation processes, etc.) were established by assuming that 20% of the 
asbestos produced escapes the cyclone separators and 1% of this figure 
escapes the baghouse. The overall lower-limit loss Indicated 1s there- 
fore 0.2% of production or 4 pounds asbestos/ton produced. v; An upper 
limit was estimated at 20 pounds/ton but a 10 pounds/ton factor was 
used.< 15 > 

Additional asbestos dust 1s created during crushing and 
conveying of asbestos ore. The Environmental Protection Agency suggests 
a total of 11.2 pounds/ton suspended emissions from the various crushing 

and screening operations plus an additional 2 pounds/ton for conveylnq and 

(15) 
handling losses/ ' Assuming the use of a bag filter with 99% efficiency 

leads to an additional emission factor of 13.2 X 0.01 « 0.1 lb/ton asbestos 

(15) 
milled. v * A fourth source of asbestos emission 1s the dust released from 

the disposal of tailings. The E.P.A. storage pile emission factor is 10 

(15) 
lb/ton. v ' Assuming a 0.1% asbestos content 1n the waste rock, James F. 

MacLaren Ltd. estimates an emission of 0.02 lb asbestos/ton of tailings. 

Table 6 lists emission factors for asbestos mining and mill- 
ing operations prepared by the Environmental Protection Agency. 



TABLE 6 



EMI 



SSIOn FACTORS FOR ASBEST OS 

fkum rrWIHS AND MILLING* 1 



Source 


Emission factor 
lb/ton of asbestos 
produced 


Mining, total 


9 to 10 


Mining 


3 


Loadinp 


2 


Hauling 


I 


Unloadinn 


2 


Mininq, total, 50% control 


5 


Mi 1 1 i ng 


100 


Milling, 50% control 


80 


Milling, 80% control 


20 \ 



a The emission factors are based on engineering estimates 
and no source sampling. These factors cannot be used to 
quantify asbestos emissions with great accuracy. 

Uncontrolled unless otherwise specified. 



SOURCES: Emission Factors for Trace Substances 
U.S. Environmental Protection Agency 
EPA-450/ 2-73-001 
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05.06 MANUFACTURING OF PRODUCTS CONTAINING ASBESTOS 

05.06.01 ASBESTOS-CEMENT PRODUCTS - 

Asbestos-cement products comprise by far the Tarqest 

sinole domestic use of asbestos containinn 10% to ?5% bv weioht of 

asbestos/ '* ' mostly of the cbrysotile varietv. Crocidolite is 

used to a limited extent, whereas the use of amosite is limited because of 

its lower tensile strength. Asbestos-dement pipe composes the largest v > 

the asbestos manufacturing industry. Typical applications involve trd!,,..^-: 

fill 
of the following materials : v ' 

(1) Potable, drainane, and irrination water 

(2) Sewaoe 

(3) Industrial products 

(4) Air and other qaseous substances for heatino, 
cool inn, and qas ventino. 

Other asbestos-cement products, suc^ as sidinq shinnies and flat or 
corruqated sheets, are used in a variety of applications/ 

The interwoven structure formed bv the asbestos fibres 
provides a reinforcinn medium by imnartinn increased tensile strennt^ 
to the product, the result beinn a 70-80% decrease in weioht. Rut, 
the asbestos must be embedded in the product in a completely fiherized 
or will owed form. 

Asbestos -cement products are manufactured bv: 

(1) mouldinq process (for articles of irreoular shape) 

(2) dry process (sheetinn products but not used much) 

(3) wet process (asbestos pips mostlv) 

(4) wet mechanical process (asbestos nine mostly) 
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Fioure 6. shows a flow diagram of the manufacture of 
asbestos-cement Dipe usino the wet-mechanical nrocess. The equipment 
is similar in orincinle to some paoer manufacturino machines. In Fiq- 
ure 6., the fluffed and separated fibre is transferred to a production 
line bin, weinhted and mixed with silica and cement, conveyed bv a water 
stream to a wet mix vat, formed into a homoaeneous slurry, and delivered 
to cylinder vats for deposition onto one or more horizontal screen cylin- 
der molds. Gravity-dried of excess water throuah the fine wire mesh screen 
that forms the circumferential surface of each mold, the asbestos forms a 
layer of asbestos-cement material, 0.02 to O.lOlnches thick.' ' The layer 
from each mold is transferred to an endless felt conveyor in order to build 
up a sinqle sheet for further processinq. The sheet is further dried in a 
vacuum box and transferred to a mandrel, or accumulator roll, which winds 
the sheet into pipestock of the desired thickness. The oioe section wrao- 
Ded around the mandrel is removed from the machine and then freed from the 
mandrel by an electrolytic loosener/ ' Precure time is provided by a 
slow-down conveyor before the mandrel is removed and the nine is stenciled 
for identification. The pipe is transported to a temperature and humidity 
controlled air-cure room before enter i no the autoclaves where hiqh-pressure 
steam curinq imparts maximum strenqth and chemical stability. ' The Dipe 
sections are machined to size on lathes, tested and transferred to the ship- 
pi nq area. 

Asbestos-cement products are strenothened by one of three 
curinq procedures: wet curinn, atmospheric steam curinq, and autoclave 
curinq. The oldest procedure, wet curinq, is carried out in a warm 
humid atmosphere for 21 to 23 days. ' Subsequent storaqe under water 
for 7 days, frequently performed in the wet curinq of asbestos -cement pipe, 
produces additional strenoth. Atmospheric steam curinq is a form of wet 
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curinq in which steam at atmospheric nressure is used to accelerate the 
wet curinn process. In autoclave curing, pressurized steam (100 to 2^0 

pounds oer souare inch) is used to accelerate the process and initiate 

(53) 
the chemical reactions that harden the product/ 

EMISSION SOURCES 

Si am* fi cant amounts of asbestos can he emitted throuohout 
manufacturing processes where the asbestos is not thorouohlv wetted. 
Operations that precede the inclusion of ashestos in a wet orocessinn 
mixture (ie., the possible Generation of asbestos-containina emissions 
when baqs of asbestos are opened, t w c fibre is dumned into a blender, 
blended, willowed, transferred to raw material storage Mns, etc.) have 
high potential emission rates. Wastes dispersed 1n a wet condition 1n 
the vicinity of processing machinery can become emission sources 1f they 
are not removed prior to drying. Also, large quantities of dry, asbestos- 
containing dust are produced when the ends of cured pipe sections are 
machined to ensure proper mating with connectors. 

CONTROL TECHNIQUES - 

Potential emissions from almost all the manufacturing pro- 
cesses can be controlled by the application o f l ocal dust capture hood s. 
A fabric filter ing device can then control emissions to the atmosphere. 
Also, asbestos fibres have been conveyed pneumatically from a willow to 
production 1 ine feed bins. This method, in conjunction with a gas clean- 
ing device for the conveying air stream, can control emissions that would 
otherwise accompany the transport of drv, loosely bound material on an open 
conveyor system. 

EMISSION FACTORS - 

Data reoardinn the magnitude and nature of asbestos emissions 
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TABLE 7 



CANADIAN EMISSIONS FROM THE MANUFACTURE OF ASBESTOS GOODS 





(1970) 










Asbestos consumption 
(1000 tons) 


Emission factor 
(lb/ton) 


Emissions 


Industry 


tons 


% 


Asbestos-cement 
products 


25.0 


0.15 


1.88 


34.7 


Floor tile 


10.0 


0.15 


0.75 


13.8 


Paving 


5.8 


0.15 


0.44 


8.1 


Coatings, caulks, 
sealants 


5.6 


0.15 


42 


7.7 


Insulation 


3.8 


0.3 


0.57 


10.5 


Friction materials 


2.2 


0.9 


0:99 


18.2 


Plastics 


1.2 


0.15 


0.09 


1.7 


Textiles 


0.7 


0.30 


0.11 


2.0 


Papers 


0.7 


0.15 


0.05 


0.9 


Miscellaneous 


1.7 


0.'15 


0.13 


2.4 



TOTAL 



56.7 



5.43 100.0 



Source: (15) in the References. 
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to the atmosphere from asbestos-cement plants is scarce. Davis and 

Associates presented an emission factor based on visual inspection 

(13) 
estimated at 1 pound per ton of asbestos processed. ' Based on tMs» 

they calculated that, for 1968, asbestos emissions to the atmosohere 
due to the manufacture of asbestos-cement nroducts was 205 short tons. ' 
This data is summarized on Table 8. Usinq scanty emission data, James F. 
MacLaren Ltd. computed several emission factors and on the basis of the 
similarity of Drocesses and controls in the manufacturing industries in- 
volved, an emission factor of 0.15 lb/ton was considered to be representa- 
tive of most asbestos manufacturing plants enaaned predominantly 1n the 
wet processes. ' As can be seen from Table 7., this amounts to 1.88 
tons of asbestos emitted to the Canadian atmosphere due to asbestos-cement 
processing. The E.P.A. in the United States estimates an emission factor 
of 1 lb/ton of asbestos produced, as can be seen from Table 9. 

The rate of nrowth of demand for asbestos-cement products 

in Canada is expected to decline in the next few years because of comoeti- 

(15) 
tion from other materials. ' Small diameter plastic pipe has replaced 

asbestos-cement pioe in many applications. 



05.06.02 ASBESTOS TILE - 



Vinyl -asbestos floor tile, which contains 25% asbestos by 



(14) « 



weiqht, v ' is widely used in residences, schools, public buildinos, 
theatres, and exhibition halls. '- °' The attractive features of this 
product are its non-combustibility, resistance to water and dampness, and 
its hiqh strenath/ 15 ^ 

Various mixers, for example, those o* the Banbury type, are 
employed to knead the raw materials of plasticized resin binder, asbestos 
fibres, around limestone, and piqments into a heated batch of base material. 



(H) 
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TABLE 8. 



AMERICAN ASBESTOS EMISSIONS 
19 6 8 



SOURCE CATEGORY 


SOURCE GROUP 


SHORT TONS 


EMISSION 
FACTOR 1LB/T0NJ 


Mining and other 
Basic Processing 


Mining and Milling 


5,610 


93 C 


Reprocessing 


Friction Materials 

Asbestos Cement Products 

Textiles 

Paper 

Floor T1le 

Miscellaneous 


312 

205 

18 

15 

100 
28 


6 C 
1 C 
2 C, 40 NC 
1 C, 4 NC 
1 C, 4 NC 


Consumptive Uses 


Construction 
Brake Linings 
Steel F1 reproofing 
Insulatlna Cement 


61 

190 

15 

25 


10 NC 
10 NC 
25 C 


Incineration or Other 
Disposal 




NA 


NA 




TOTAL 


6,579 





NA 

C 

NC 



Data not available 

Controlled 

Not controlled 



Source: (13) and (52) 1n References. 
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TABLE 0. 



EMISSION FACTORS FOR 
PROCESSING OF ASBESTOS 3 



Source 


Emission factor, 
lb/ton of asbestos 
processed 


Friction material, controlled 


6 


Asbestos cement nroducts, controlled 


1 


Textiles 


40 


Textiles, controlled 


2 


Ashestos paper 


4 


Asbestos paper, controlled 


1 


Floor tile 


4 


Floor tile, controlled 


1 



The emission factors are based on enoineerino estimates and no 
source sampling. These factors cannot be used to quantify as- 
bestos emissions. 



Uncontrolled unless otherwise specified. 



Source: Emission Factors for Trace Substances, 
U.S. Environmental Protection Aaency, 
EPA-450/ 2-73-001 

(52) in the Biblionranhy. 
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After the base material has been decorated by addino qranules of the 
proper shapes and colors to the material as it passes throuoh a two-roll 
differential speed mill, the relatively thick s^eet is cut and joined to 
a similar piece that has been previously formed and is in the process of 
beinq calendered (smoothed and reduced 1n thickness between two revolvino 
cylinders). 14 ' The sheet then traverses a two-roll calender that reduces 
the sheet to a thickness sliqhtly areater than that of the finished tile. 
The manufacturino process at this staqe is continuous, as opposed to batch. 
The passaqe of the tile sheet throuqh a second, and sometimes a third, two- 
roll calender produces tile of the desired thickness and surface finish. 
Subsequently, a blankinq press die cuts tiles to final size before coolina 
and hardening of the compound. ' Waste material is recycled to the mix- 
ing operation for Immediate reworkinq. A flow diaqram of a typical vinyl - 
asbestos floor tile manufacturino operation is illustrated in Fiqure 7. 

SOURCES OF EMISSIONS - 

Specific potential emission sources of the asbestos tile 
process Include the handlino of packaoed asbestos from receivinq location 
to baq-openinq site, opening and empty i no of baqs into raw material bins, 

dry mixlnq of the tile compound and discharoe of the dry mixture into the 

(14) 
kneading apparatus to start the actual manufacturino process. Because 

the tile 1s processed as a mass of semisolid material, emissions are limited 

primarily to these initial operations. Semisolid wastes, however, can oen- 

erate emissions if they are not removed from the work areas. 

CONTROL TECHNIQUES - 

Dust capture hoods can be employed to ventilate baq openinq 
and dumpina areas, dry-mixers, and equipment for crushino scrap material 
in the manufacturinq process. The qas stream can be cleaned by oassino 
them through fabric filtering devices before exhaustlno the dust control 
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FIGURE 7. Flow Chart for the Manufacture of Vinyl -Asbestos Floor Tile 



77. 



air streams Into the atmosphere. 

EMISSION FACTORS - 

Davis and Associates estimate the use of asbestos in the 

production of floor tile at 200,000 short tons in 1968 in conjunction with 

(13) 
an emission factor of 1 lb/ton, ' whereas James F. MacLaren Ltd., usinq 

their basic emission factor of 0.15 lb/ton, calculate a total emission 
figure for Canada in 1970 of 3/4 tons/ 15 ' The E.P.A. has estimated that 
1 pound of asbestos is emitted per ton used (controlled) or 4 lb/ton un- 
controlled for this manufacturing operation. 



The total amount of asbestos used for the production of 
floor tiles has not changed much durinq the past few years. ' The de- 
mand for asphalt tiles is decreasing to the noint where they are no lonqer 
produced 1n Canada. '' ' More asbestos is beina used for vinyl -asbestos 
floorinq in Canada and the United States but, due to competition from car- 
pets and other floor coverings, the future outlook for the industry is 
stable with no rapid growth anticipated. '* ' 

05.06.03 ASBESTOS PAPER - 

Asbestos paper, containinq chrvsotile as the principle type 

of asbestos, has a wide variety of uses, Table 10. indicatlnq the extent 

(54) 
of the applications. ' Frequently, product requirements dictate that 

other materials be combined with the asbestos paper. For example, asbestos 

paper 1s Impregnated with asphalt to form asbestos felt roofinq and pipe 

wrapping. A primary user of asbestos paper is the electrical equipment 

industry 1n which the paper serves as a low-cost, thin spacinq material 

that processes desirable electrical insulatinq and heat resistant proper- 

ties/ 14 ' 

Figure 8. shows the manufacturinq process of asbestos-paoer 
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TABLE 10. 

USES OF ASBESTOS PAPER 



Air cell and other pipe coverinns 

Boiler jackets 

Asbestos rooflnq felt 

Asbestos-protected metal roof inn 

Gaskets (plain & metal reinforced) 

Wicks in oil burninn apparatus 

Tubes for electrical insulation 

Electrical insulation of wire 
and cable 

Insulation of hot air pipes 

Lininqs for stoves & heaters 

Lininqs for filinq cabinets, 
cartridqes, carpets, auto 
mufflers, drum controllers, 
cookers, electrical appliances, 
armored car roofs, motors, etc. 

Drip catchers 1n enamel inq ovens 

Insulation for ovens and dry kilns 

Table pads and mats 

Insulation in heat- and chemical - 
resistant reinforced plastic pipe 
and other laminated products 



- Diaphraqms in electrolytic 
cells 

- Tank covers 

- Filters 

- Protection from heat and other 
weldino processes 

- Crumbled paoer in anneal 1nq 

- Insulation in chemical and 
physics laboratories 

- Insulation for automobile 
exhausts 

- Clutch facinos in automatic 
transmissions 

- Bakina sheets 

- Hot-air ducts or lininqs of 
paper ducts for hot air service 

- Base for floor coverinq 

- Saturated paper for cool inq 
tower fills 
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(53) 
usinq a Fourdrinier machine. ' The mixinq operation combines 6% to 

12% short fibre asbestos* ' with binders (starch, alue, waterqlass, resins, 

latex, cement and qypsum) selected for the desired properties and aDplica- 

(55) 
tion of the paper. v ' A pulD beater, or Hollander, mixes the asbestos, 

binder, and water into a stock that is diluted to as little as 1.5% fibre 

in the discharne chest. ' From here, a thin uniform layer of the stock 

is deposited by qravity onto an endless movinn wire screen throuqh which a 

major portion of the water is removed. The sheet is then transferred onto 

an endless, movinn felt and pressed between pairs of rolls to brinn the 

paper to approximately 60% dryness. ' Subsequent! v, the continuous 

sheet of naper passes over heated rolls, while supported on a second felt, 

to effect further dryinq. This is followed by calenderinn of the paper to 

produce a smooth surface and cuttinq the naper to size as it is wound onto 

a spindle. 

EMISSION SOURCES 

In addition to the emissions that occur durinn handlinq 
operations as asbestos is brounht to the oreparation end of a paper machine, 

there are potential emissions from the mixinq of inqredients in a pulpinq 

(13) 
mill. ' Since this mixture is next converted into a thin slurrv for 

further processinq, the potential for the subsequent emission of asbestos 

into the work space is diminished until the paper has been dried/ " ' 

CONTROL TECHNIQUES - 

Aqain, hiqh-volume, low-velocity dust capture hoods will 
control asbestos emissions and passaqe to a fabric filterinq device pro- 
vides control of potential atmospheric emissions. ' Additional control 
can be provided by the use of DulDane baqs that can be added to the mix 
(which obviates the need to open the baqs). 
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EMISSION FACTORS - 

Davis and Associates estimated the quantity of asbestos 

used in paper in the United States durinq 1968 at 30,000 short tons, 

(13) 
emitting one pound for every ton of asbestos Drocessed. v * Parallel 

Canadian estimates show that of the estimated 700 tons of asbestos con- 

(15) 
sumed to produce the product, 400 pounds were emitted/ ' The E.P.A. 

(Table 9.) reports an emission factor of 1 lb/ton (controlled) and 4 lb/ 

ton (uncontrolled). 



05.06.04 FRICTION MATERIALS CONTAINING ASBESTOS - 

Asbestos containinq friction materials are used extensively 
in the fields of transportation, mininq and heavy construction. Snecific 
applications are of drum, disk, outer jaw, and band brakes and in dry and 
oil-immersed clutches. '* ' The classes of bondina materials are dry- 
ing oils, plastics, bitumens and natural and synthetic rubbers. 

The desirable characteristics of friction materials are the 
maintenance of a constant coefficient of friction under varvino contact 

stress, moisture, and temperature in combination with minimum wear of the 

(13) 
friction material and corresponding bearinq surface/ ' Althouqh all 

common friction materials become inoperative when immersed in water, the 

(14) 
materials are desiqned to shed the water quickly and recover fully. 

The variety of asbestos predominantly used is chrysotile. '* " 

Fiqure 9. shows the manufacture of dry-mixed molded brake 
Uninqs and Figure 10. shows brake lininqs and clutch facinns. Fiqure 11. 
describes the manufacture of woven brake lininos and Fiqure 12. diaqrams 
the manufacture of endless wound clutch facinqs. In order to sunply brakes 
for an annual brake lininq replacement market in excess of 25 million ve- 
hicles, more than 500 brake relininq companies in the United States use the 
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process described 1n Figure 13. 

EMISSION SOURCES - 

Aside from emissions related to the handling o^ asbestos 
in baqs, operations that involve asbestos 1n certain dry-mixed moldinq 
compounds (such as weighing of raw materials, charginq of mixers, blend- 
ing of component ingredients, and discharging of mixers) are major poten- 
tial emission sources 1n the production of friction products. Finishing 
operations, however, can generate much greater guantities of asbestos - 
containing dust from the use of band saws, abrasive wheels, drills, cylin- 
drical grinders, disk grinders and circular saws. ' For example, the 

drilling and grinding of brake linings during manufacture release as much 

fill 

as 30% of the lining material as waste/ ' Brake debonders are not con- 
sidered to be major sources of asbestos emissions since the adhesives are 
burned without any physical disruption of the surface integrity of the 
brake linings. 

CONTROL TECHNIQUES - 

As in the manufacture of numerous other asbestos-containing 
products, emissions from the production of asbestos friction products are 
controlled by applying dust capture hoods of both low-volume, high velocity 
and high-volume, low velocity types. Dust in the air streams again is cleaned 
with fabric filtering devices. 

EMISSION FACTORS - 

In the United States, the use of asbestos in friction mater- 
ials during 1968 was about 104,000 short tons.' ' The survev conducted in 
1968 by Davis and Associates revealed a large manufacturer of brake linings 
who reported the use of 4,000 tons of asbestos, estimating overall atmos- 
pheric emissions of asbestos to be 0.25% to 0.50%/ ' The efficiency of 
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his baq filter collection equipment must be £3.5 - Q 9.75?.. The estimated 
emission factor of 6 lb/ton of asbestos Drocessed presents asbestos emis- 
sions into atmosphere of approximately 312 short tons. 

Since there is substantial dry qrindinn in the manufacture 
of friction materials, James F. MacLaren Ltd., as well as Davis and Associ- 
ates, accordinqly estimate an emission factor six times that of other in- 
dustries (0.15 X 6 = 0.90 lb/ton)/ 15 ' With this information, the Canadian 
consumption of 2,200 tons of asbestos for friction materials, results in the 
emission of 1 ton. ' 

The E.P.A., as can be seen in Table 9., considers the emis- 
sion factor to be 6 lb/ton of asbestos processed in friction product manu- 
facturinq. 

05.06.05 ASBESTOS TEXTILE PRODUCTS - 

The properties of asbestos (ie., stronq resistance to heat, 
fire, acids, and mechanical abrasion) make this fibre ideal for particular 
textile applications. The fibres must be lono, fine and flexible with a 
superior tensile strength/ '* ' Althounh chrysotile is the dominant 
variety, croddolite and amosite are also used/ ' The more common pro- 
ducts are roving, carded lap, yarn, cord, rope, square-plaited qoods, 
braided tubino, tape, webbinq, cloth.' '' " ' The asbestos content 
usually ranges from 75-99% Z 1 3 ^ Only milled fibres are used and sometimes 
the millinq device is located in the plant (tMs can have serious emission 
potential). The fibres are then introduced to vibratlnq screens where the 
fibres are removed by an air aspiration system and qraded/ The process 
then follows the outline described in Fiqure 14. 
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FIGURE 14. Manufacture of Asbestos Textile Products 
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EMISSION SOURCES - 

Emissions can result from unloadino, warehousinq, trans- 
porting to hag openinq areas, baq openinq, and dumplnn of asbestos. The 
fluffino operation (used since fibres are compacted in travel) and the 
gradinq operation involve beatino and combinq processes that qenerate 
heavy dust concentrations. A considerably larqer amount of dust results 
from fly will owing to recover fibres from wastes collected in cyclones. ' 
Both the blendinn of various qrades of asbestos fibres and the blendinq 
of asbestos with non-mineral fibres involve numerous hand! inn and ooen 
transnortinq operations of the dry materials which, of course, have hiqh 

emission potential. Also, the Deriodic cleaninq of the different specific 

(57) 
machines release larqe amounts of dust and fleece to the surroundinos. ' 

The major source of asbestos emissions from twistino ma- 
chines is the release of material from the yarn undernoinq twistinn as it 
is rapidly whipped throuqh the air. ' Emissions also result from the 
breakage of yarn and the subsequent rotation of the loose end by the spindle 

Weavinn potentially qenerates more dust than any other tex- 
tile operation, however, present control technoloqy can reduce emissions 
to the extent that this process can be one of the cleanest of all the tex- 
tile operations. ' The principle emission source is the abrasion of yarn 
aqainst the eyelets of heddle frames as the frames move up and down in the 
weavinn process. ' 

CONTROL TECHNIQUES - 

Dust capture hoods and fabric filterinq devices aqain control 
dust in work areas and direct emissions into the atmosphere. Textile manu- 
facturers have found it economical to control the temperature and humiditv 
of the venti latino air in larqe work spaces. To minimize heatinq and cool- 
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1nq requirements, air removed from work spaces is sometimes recycled 
(rather than being exhausted Into the atmosphere) after it has been 
sufficiently cleaned to meet occupational hyqiene standards. ' In 
contrasts to the practice of maintaining work spaces at slioht neqative 
pressures in order to alleviate emissions throuqh windows, doors and 
structural leaks, the production areas of these mills are maintained 
at a slight positive pressure relative to the outside environment. * 
Plant operators consider this necessary to provide a temperature and 
humidity seal for the work areas. Accordingly, it is important to 
strictly control emissions at the source in order to prevent atmos- 
pheric discharge through structural openings at these facilities. 

Most operations have controlled emissions but spinning 
frames are not frequently fitted with dust control devices, however, 
machines are now available that stop the rotation of the spindle when 
an end of yarn breaks. 

EMISSION FACTORS - 

In the United States, asbestos used 1n textiles durinq 
1968 totaled 18,000 short tons.' 13 ' An emission factor of 2 lb/ton was 
estimated by Davis and Associates which calculates to 18 short tons of 
asbestos belnq emitted into the atmosphere in 1968/ ' 

James F. MacLaren Ltd. recoqnize the dry nature of the 
asbestos textile industry and they, followinq Davis, double their emis- 
sion factor of 0.15 lb/ton/ ' Asbestos consumption of this industry 
totals 700 tons and emissions range to 0.11 tons for 1970. The E.P.A. 
feels that uncontrolled asbestos-textile operations can emit ud to 40 lb/ 
ton of asbestos processed, but with control equipment, this figure can be 
reduced to 2 lb/ton.^ 52 ' 
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05.06.06 ASBESTOS-ASPHALT PAVING COMPOUNDS - 

When asbestos is added to asphalt navinq compounds in the 
amount of 2% to 3% by weiqht, the quantity of asphalt in the mix can be 

increased by between 30% to 100% to yield a material containinq 7% to 

(14) 
11% by weiqht asphalt. ' The result is an imoroved pavement overlay 

with increased cohesion and abrasion resistance and decreased water Der- 

(14) 
meability and material embrittlement. ' This type of pa vino has been 

applied extensively in California, where it is estimated that more than 

20% of the population resides in proximity to asbestos-asphalt pavinq. 

J.D. Georqe, Chief Enqineer of Research and Development, Citv of Toronto, 

reports that the Borouqh of North York converted to asbestos-asphalt 

(58) 
paving of all their streets eiqht years aqo. v ' In addition, the City 

resurfaces their freeways with asbestos asphalt. Fiqure 15. illustrates 

the mixinq section of an asphalt manufacturinq plant. 

EMISSION SOURCES - 

In the manufacture of pavinq compounds, the recelvinq and 
handling of the bags of asbestos fibres before mixinq occurs are the po- 
tential sources of asbestos emissions. 

CONTROL TECHNIQUES - 

The enclosure of baq openinq and emptyinq areas, storaoe 
bins, conveyor systems, and mixers can provide control of atmospheric 
emissions of asbestos. Also, the use of DulDable baos could reduce emis- 
sions. Exhaust fumes from these enclosures must be channeled throuqh 
fabric filters. 
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05.07 THE CONSUMPTION OF ASBESTOS PRODUCTS 

05.07.01 SPRAYED ASBESTOS-CONTAINING INSULATION MATERIALS - 

The spray application of asbestos-containing Insulation 
materials 1s an extremely effective and economic means of fi reproof 1nq 

steel -reinforced structures and for acoustic and anti -condensation pur- 

(3) 
poses. ' Thermal Insulation for high -temperature equipment such as 

chemical process vessels, steam turbine shells, furnace walls, and boiler 

(13) 
walls 1s also installed by spraying/ ' Requirements for the two appli- 
cations differ 1n that the layer of Insulation must withstand thermal 
cycling in insulating high-temperature equipment as opposed to the de- 
sign for a single thermal shock in the flreprooflnq of steel structures. 
Other asbestos-containing materials applied by spraying are specifically 
formulated to provide either ambient temperature thermal Insulation or 
acoustical insulation. 

The spraying technique has been developed to accommodate 
those situations in which the presence of irregular shapes and larqe areas 
would lead to difficulty and excessive cost in Insulating by conventional 
block, mat, and hand troweling techniques. Some types of sprayed Insula- 
tion materials can be tamped prior to drylnq to produce a decorative finish. 
A coat of sealer or paint can be applied either for decorative purposes or 
for improving resistance of the surface to the loss of material by abrasive 
action.'™) 

These spray-applied insulation materials contain asbestos 
fibres, a water-settinq binder such as cement, and in some cases, other 
fibres such as qlass wool or mineral wool. Amosite, croddollte and chrys- 
otile in amounts from 5% to 80% by weight are used. ' Introduced 1n the 
1930' s, amosite was first used for ship insulation purposes while chrysotlle 
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began to be extensively used by the 1940's. Today, they are used in 
equal proportions while crocidolite is used only in trivial amounts in 
the United States. ' Crocidolite was widely used in the British ship- 
yards between 1940-1963 for environmental insulation (applied to deck- 
heads and bulkheads) while chrysotile and amosite were used for pipe and 

(47) 
machinery insulation. ' 

Two types of spraying processes in commercial use are 
shown in Figure 16. The spray nozzle is typically held 12" to 24" away 

from the surface to be insulated. Insulation is often applied in more 

(14) 
than one layer and to a thickness of more than 2 inches. ' 

Asbestos-containing insulation is frequently sprayed in 
spaces directly open to the atmosphere. Asbestos spray fi reproofing ap- 
plied to buildinns durinn construction, particularly hinh-rise structures 
in large metropolitan areas, is the most extensive sinnle use of this type. v ' 

EMISSION SOURCES - 

The sight of flurries of asbestos fibres is commonolace on 

(37) 
construction sites where sprayed insulation is used. x In some cases, 

these emissions are traceable to the incomplete wetting of dry insulating 

material either interior to, or slightly downstream from the outlet of the 

(3) 
fibre spraying nozzle. Pre-damped material reduces emissions 100 fold. 

Further, both the cementitious and fibre sprayinn techniques produce lame 

quantities of wet insulation that does not adhere to the tarqet surfaces. 

A portion of this wet material can be emitted directly into the atmosphere 

external to the work space, and large quantities settle onto surfaces of 

the work space beneath the sprayed area. The latter deposits can become 

secondary sources of asbestos emissions via disperal by vehicular and human 

traffic in the work area, particularly if the wet insulation dries before 

it is removed for waste disposal. As much as 25% of the material does not 
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adhere to the steel and qoes directly into the atmosphere. ' 

When asbestos-containinq insulation is apDlied by spray 
techniques within structures that are essentially shielded from the ex- 
ternal atmosphere, forced gas steams exhausted from the structures and 
incidental discharges of work-space ventilation air throuah windows and 
doors are potential sources of atmospheric asbestos emissions. In the 
course of transporting baqs of dry spraying mixture to a job site and 
during the handling, stacking and storino of these in a work area, as- 
bestos can be emitted to the work space from punctures in baqs and from 
bag closures that are not dust tight. The manual ODenino of bans and 
the subsequent dumping of the contents into the hopper of a sprav machine 
are potential emission sources that are similar to those encountered in 
the preliminary steps of manufacturinq Drocesses. 

CONTROL TECHNIQUES - 

Initial attempts to control excessive atmospheric asbestos 
emissions from the spray fireproofing of buildinos under construction were 
directed toward the adoption of good housekeeping procedures at sprayino 
sites and the containment of potential emissions within the structures. 

The open perimeters of entire floors of new buildinos should 
be shielded with tarpaulins and plastic sheets for the purpose of contain- 
ing emissions from spray fireproofing. Recommended work practices include 
an initial cleaning of floor areas and the removal of portable objects (or 
the covering of such articles with dust-impervious tarpaulins or nlastic 

sheets) to facilitate cleanup of spraying areas and thereby reduce potential 

(14) 
emissions from this phase of waste disposal/ * 

The development of spray firenroofing and high temperature 
thermal insulating materials that contain little or no asbestos has been 
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undertaken. One cementitious type of soray fireproof inn compound contain- 
inn no asbestos is now approved and in use. ' Several asbestos-free spray 
fireproofinq materials of the fibre type are also available an^ more sub- 
stitute materials are under development. Asbestos-free materials will not 
require such strinnent control methods that may otherwise result in exces- 
sive labour costs. 

If sprayed asbestos insulation is employed within enclosed 
structures, potential asbestos emissions to the atmosphere can be controlled 
by sealinq all openinqs throuqh which contaminated air could be discharqed 
to the exterior of the structure. In situations requiring ventilated spray- 
inn areas, fabric filters can clean the exhaust air prior to discharge to 
the atmosphere. 

Insulation workers are the lamest sinnle occunational qroup 
to handle asbestos on the job but, sometimes bricklayers, carpenters, sheet 
metal workers and boiler makers apply insulation at various times because 
they do it without interruptinq construction activities. ' In this hinh 
risk operation, they often fail to take the precautions used by workers who 
handle asbestos on a daily basis. Applicators and construction workers 
nearby can inhale up to 50 million fibres in an 8 hour day. ; Licensinq 
of workers who install insulation, much like the licensinq of plumbers and 
electricians, has been suqqested as a safequard to insure that asbestos 
handlers are both informed and equioped to work safely. 

The installation of sprayed asbestos has recently been recog- 
nized by environmental authorities as one of the most flaqrant violators of 
the ambient urban atmosphere in terms of asbestos emissions. In February, 
1972, New York City was the first to ban the use of asbestos soray insula- 
tion and by December of 1973, the Environmental Protection Aqency followed 
New York, Boston, Philadelphia, and the State of Illinois, and took the first 
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steps to ban outright the spraying of asbestos on the construction site. ' 

EMISSION FACTORS - 

Asbestos emissions to the atmosphere, due to the use of 
spray-on fi reproofing during 1968, (by 1970, well over 1/2 of all multi- 
storey buildings in the U.S. used asbestos spray insulation)^ ' are es- 
timated by Davis and Associates at 15 short tons based on an emission 

(13} 
factor of 10 pounds per ton of asbestos applied/ ' Since the manufacture 

of insulation is considered by James F. MacLaren Ltd. to be similar to the 

manufacture of textiles, a 0.3 lb/ton figure was used as an emission factor. 

(15) 

v ' They calculated 2.18 tons of asbestos emitted into the Canadian atmos- 
phere 1n 1970/ ' The E.P.A. estimates an emission factor of 10 lb/ton 
for any controlled steel fireproofing operation as presented in Table 11. 

05.07.02 CONSTRUCTION/DEMOLITION - 

Two-thirds of all the asbestos consumed in the U.S. is used 
for construction products/ ' The electrician strips asbestos insulated 
wire. " * The carpenter saws asbestos board and often pounds asbestos 

Insulated furnace ducts to make them fit/ 3 " ' Plumbers install asbestos 

(15) 
valve packings and pipe coverings and cut asbestos cement pipe/ As a 

result, the foreman, carpenter, painter, plumber and even the new occupants 
of the residence all breath this dust/ ' As well as subjectine construc- 
tion workers to asbestos fibres, construction sites are also a source of 
ambient air pollution. The nature of this source makes control difficult. 

Croddolite asbestos is generally recognized as the most 
toxic variety and its use has been recommended to be kept to a minimum. 

In the United Kingdom, its use has been banned in any material manufactured 

(3) 
for the building or construction industry/ ' Blue asbestos presents a 

particular problem in the demolition of buildings requiring stringent 
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precautions. ' Care should be taken to discover if it is present. 

CONTROL TECHNIQUES - 

Control techniques, in addition to good housekeeping, include 

power tools that are fitted with shrouds or nozzles used with standard self- 

(2) 
contained portable exhaust ventilation units. ' Oust collecting bans must 

be easily removable and disposable. 

The most frequently applied asbestos emission control tech- 
nique for demolition operations is the thorough wettinq of the surface and, 
where possible, water soaking of asbestos-containing materials prior to 
stripping of the materials or breakup of an entire structure. The use of 
additional quantities of water together with enclosed conveyinn chutes can 
reduce emissions during the loading of demolition wastes into transportation 
vehicles. When ambient temperatures are below freezlnn, however, the oppor- 
tunities for dust suppression by wettinn of wastes are limited. 

The stripping of asbestos-containinn materials, particularly 
those which are friable, prior to the breakup of a structure is a more di- 
rect method of controlling asbestos emissions durinn demolition than is the 
application of dust control measures durinn the fragmentation of an entire 
building simultaneously with the asbestos wastes. 

Canadian wreckino companies indicate that very little asbestos 
insulation is encountered during the demolition of old buildinns/ ' This 

seems reasonable since asbestos sprays have only been used since the early 

(15) 
1950's in Canada. ' Generally, thounh, it is recommended that asbestos 

material in the building be removed manually with as little breakage as pos- 
sible before demolition beqins. Canadian companies do this anyway, recover- 

(15) 
ing it for resale/ ' 
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EMISSION FACTORS - 

Emissions are difficult to assess. Although the lack of 
controls would tend to give a relatively high emission factor, the small 
amounts of dust involved relative to the manufacturing and mininq processes 
would tend to decrease the emission factor. Lacklnq definitive information, 
James F. MacLaren Ltd. assumed approximately 20% of asbestos consumption in 

Canada (about 12,000 tons 1n 1970) enters the construction industry in a 

(15) 
form that could produce emissions/ ' Using an emission factor of 0.15 

(15) 
lb/ ton, 0.9 tons of asbestos were emitted in 1970/ ; Davis and Associates 

estimate 61 short tons for the U.S. 1n 1968/ ' Table 11. specifies the 

(52) 
E.P.A.'s estimated emission factor/ ' 
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TABLE 11. 



EMISSION FACTORS FOR 
CONSUMPTIVE USES OF ASBESTOS 3 



Source^ 


Emission Factor, 
lb/ ton of asbestos 
applied 


Brake lininos 


10 c 
10 
25 
25 


Steel fi reproofing, controlled 
Insulating cement, controlled 
Construction industry 



a The emission factors are based on enaineerino estimates and 
no source samplinn. These factors cannot he used to Quantify 
asbestos emissions. 



Uncontrolled unless otherwise specified. 



C A factor of 0.0005 pound per 10 vehicle miles can also be 
used. 



Source: Emission Factors for Trace Substances, 
U.S. Environmental Protection Aqency, 
EPA-450/ 2-73-001 

(52) in the Bibliography. 
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05.08 WASTE DISPOSAL 

The recovery of scrap is an important factor in some indus- 
tries, but asbestos, once used, is rarely recovered for reuse. In most 
products, asbestos is combined with other materials in suc^ a manner that 
it is difficult to separate into a useable form. Most of the discarded 
products that contain asbestos become part o f the solid waste. Incinera- 
tion can release some asbestos fibres. 

The exposure in open-dumping sites of such diverse wastes 
as asbestos mine overburden, oversized masses of screened asbestos ore, 
asbestos mill tailings, emptied asbestos shippinn bags, and the consoli- 
dated overspray of asbestos-containino insulation provides an opportunity 
for the entrainment and widespread dispersion of asbestos fibres into the 
atmosphere. Atmospheric emissions can also result from the open disposal 
of the material collected by fibric filter devices, from the oDen disposal 
of scrap pieces of Insulating materials and asbestos-cement products that 
carry surface deposits of asbestos dust oroduced by fabrication and field 
installation operations, from the weatherino in open dumps of even those 
materials 1n which asbestos is originally present in a bound condition, 
and from the disposal of emptied shipping containers for asbestos. 

The properly managed disposal of emptied baqs in a dumo is 
thought to generate less emissions than the incineration of such baqs; 

however, the degree of thermal degradation of the asbestos during incin- 

04) 
eration has not been fully evaluated. 

Potential emissions associated with the removal of dry, as- 
bestos-containing materials collected by gas-cleaning devices can be con- 
trolled by providing a dust-tight seal i nq arrangement between the collector 
hopper and the disposal bag or bin.' ' When wastes are collected by smaller, 
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portable vacuum cleanina equipment, sinqle-service bans can be employed 
to eliminate the necessity for transferrina tho waste to an intermediate 
container prior to disposal. Asbestos-containinq sludqe from wet collec- 
tors should be drained into moisture-proof vats suitable for transDortinn 
the waste to a dumDino site. 

As asbestos-bearinq wastes that have been collected and 
consolidated underqo disposal, emphasis should be placed unon emission 
suppression durinq transportation, dumDina, and repose in the dump. ' 
Wastes that are otherwise uncontained are preferably placed into dust- 
tiqht baqs or other dust-tioht containers for transit to the disposal 
location. 
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05.09 OCCUPATIONAL CONTROL TECHNIQUES 
References(l)(6)(7)(17)(21)(24)(29)(34)(37)(48) 

The control techniques for asbestos operations, in principle, 
are widely applicable throughout the industry. These principles are dis- 
cussed below. 

A - EXHAUST VENTILATION 

Asbestos fibres should be captured before it can disseminate 
and contaminate the immediate and adjoining work areas. Requirements are 
established by several agencies for the proper ventilation design, fibre 
capture and carrying velocities and enclosed baghouse collecting systems. 

B - ENCLOSURE AND ISOLATION 

This method of control is most useful when used with batch 
making and the handling of loose asbestos. It is also yery important in 
the handling of solid waste. Enclosure and isolation of the operation 
prevents the dissemination of the fibre into other areas where workers 
not related to the operation may be unsuspectedly exposed. 

C - WET METHODS 

The wetting of asbestos should be considered where feasible 
as 1t 1s an effective yet Inexpensive method of dust control. It can be 
used 1n mixing, drilling, sawing, sanding and cleanup operations, but special 
precautions must be taken so as not to let the sludge dry up. 

D - GOOD HOUSEKEEPING AND MAINTENANCE 

This 1s an essential operation since, without such a program, 
a hazard may exist 1n an otherwise well constructed and operated plant. Some 
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elements of noon* housekeeping are: 

(1) repairino leaks and improperly operated equipment 

(2) immediate cleaninq un of spills 

(3) routine cleaning of all in-plant areas includinn floors, 
structural members, an^ equipment usinn vacuum cleaninq 
and water 

(4) cleaninn of areas outside the plant and keeping dust 
suppressed by use of water. 

E - WORKER EDUCATION 

This is often neglected as an effective control method. The 
worker knowledgeable of the hazards associated with the job is more apt to 
protect himself. Workers should be instructed in the proper use of equip- 
ment and in good practices in the handlino of the material with which they 
are working. 

f - noon WORK ANO sanitation habits 

Work clothing can be contaminated and nrovide a continuing 
source of exposure during the work shift and after. Excessive asbestos 
dust on the skin for long periods can cause skin irritation and penetration 
by the fibre. Cleanliness and disposable protective clothinq should be used 
as the situation demands. 

G - PERSONAL RESPIRATORY PROTECTION 

This is an effective v/ay of preventinn exposure to dust where 
heavy intermittent levels are encountered and other means of protection are 
not feasible (ie., equipment breakdowns, maintenance and repair operations). 

II - SCHEOULINO or ASBESTOS work 

This method, especially valuable in insulation work on con- 



107. 



TABLE 12 



PROCESS 



APPLICATION 



SUBSTITUTE 



1 . woven asbestos 



2. bonded with rubber, 
synthetic resin or 
bitumen 



4. bonded with 11 me 



5. loose asbestos 



heat-resistant 
clothlnq 



packlnq 

packing 

floor cover i no, 
paste (roof), 
brake linlnqs 
asbestos cement 
sheets 



thermic insulation; 
f1 re-proof walls 

thermic insulation 



wool clothinq, qlass wool 
clothinq, for qloves durinq 
qlass Mowing for example , 
still not in solution 

aluminum silicate 

aluminum silicate 

no substitute 

qlass fibre 

substitute already used 

for wall Uninq, possibly 

qypsum Dlates; no other 

substitute 

possibly qyDSum plates 



the insulation materials 
listed in text 



6. asbestos paper 



7. asbestos mixed with 
cellulose 



placklnq plates; 
supports for floor 
coverlnq 

filters 
asbestos boards 



aluminum silicate 
no substitute yet; 
perhaps qlass qauqe 

qlass wool 
aluminum silicate 
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struction sites, is used to minimize the asbestos exposure to the sur- 
roundinq workers. It is also valuable in special circumstances like 
ship construction and repairs v/here confined spaces and restricted 
entries make dust control difficult and the presence of many other 
workers nearby make asbestos work extremely hazardous. 

1 " SUBSTITUTION OF ASBESTOS 

The most effective means to prevent asbestos emissions 
into the atmosphere is to substitute other materials for it. There is 
no single substitutinn agent because there are too oreat differences be- 
tween the types of nrocessinn and application. Available means could 
substitute asbestos in specific areas but, they fail in other applications. 
Due to their specific properties, these substitutes are mostly cheaper 
and better in their field of application than asbestos and its products. 

Table 12. shows that in many instances aluminum silicate 
can replace asbestos. In individual cases, good results have been ob- 
tained. In the glass industry where the products are wrapped with as- 
bestos paper to prevent sheets sticking to each other, aluminum silicate 
was used as a substitute with success. Its high price is an obstacle 1n 
the way of wider application. It should also be pointed out that the use 
of substitutes for asbestos 1s often much cheaper, and sometimes offer 
weight advantages as well. However, the selection of substitutes 1s not 
easy; for each product, 1t Is necessary to conduct separate research since 
the approach of the manufacturing process 1s sometimes entirely different. 

As 1s known, a great deal of asbestos 1s being utilized In 
the Insulation product Industry. In this Industry, many good substitutes 
are available. Their field of application depends on the operational 
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temperature and can be subdivided into 4 sectors: 



a. Very low temperatures - 250° C to 0° C in refriqeratinn technoloqy 

b. Low temperatures - 0° to 250° C cold water, warm water and low-pressure 

steam 

c. High temperatures, up to +550°C, superheated steam station and steam- 

ships 

d. Very high temperatures, up to +1 ,300°C 

Suitable Substitutes : 

a. For very low temperatures - 

1. polystyrene foam, -40° to +50°C 

2. polyurethane foam, soft, -40° to +110°C 

3. polyurethane foam, hard, -2000 to +110°C 

4. cork, -250° to +130°C 

5. glass foam, -260°C to +430°C 

b. For low temperatures - 

1. polythyrene foam, -40°C to +50°C 

2. polyurethane foam, soft, -40°C to +110°C 

3. polyurethane foam, hard, -200°C to +110°C 

4. cork, -250°C to +130°C 

5. glass foam, -260°C to 430°C 

6. flax fibre, up to +100°C 

7. glass wool, up to +550°C 

8. mineral wool, up to +750°C 

c. For high temperatures - 

7. glass wool, up to +550°C 

8. mineral wool, up to +750°C 

9. expanded rock, up to +1,100°C 

D. For very high temperatures - 

9. expanded rock, up to +1.100OC 

10. aluminum silicate, up to +1 ,260°C 

Properties of the above listed insulation materials : 

1. polystyrene foam - a. synthetic foam with closed cells 

b. temperature range -40°C to +50°C 

c. thermic conductivity coefficient at 
1° = 0.030 kcal/mh°C 

d. moisture adsorption is low, 4-6 vol. % 

e. processing: sawinn and cutting 

f. resistant to putrefactive bacteria 

g. supplied in plates 
h. flammable 

1. weight 15 kg/m3 



no. 



2. polyurethane fnam (soft) - 



a. synthetic foam with closed cells 

b. temperature range, -40°C to +110 o C 

c. thermic conductivity coefficient at 0°C 
= 0.028 kcal/mh°C 

d. moisture adsorption is low 

e. processing ninninn off and cutting 

f. resistance to putrefactive bacteria 

g. suoDlied in sheets 
h. fire extinguishing 
i. weight 47 kg/m 3 



3. polyurethane foam (hard) - 



4. Cork - 



5. Glass Foam - 



a. hard synthetic foam with closed cells 

b. temperature range, 20n°C to +11 nor 

c. thermic conductivitv coefficient at 0°C 
= 0.020 kcal/mh°C 

d. moisture adsorption is low, 0.05 vol. % 

e. processing: cutting and sawing; as two 
liquid components to be sprayed or poured 
into cavities 

f. resistance to putrefactive bacteria 

g. supplied in sheets, shaped narts, as two 
liquid components 

h. fire extinquishinq 
i. weight 36 kg/m 3 



a. expanded cork grains 

b. temperature ranqe, -250°C to +130°C 

c. thermic conductivitv coefficient at 0°C 
= 0.030 kcal/mh 3 

d. low moisture adsorption - 2 1/2 vol. t 

e. processing: cutting and sawing 

f. resistance to putrefactive bacteria 

g. sunolied in sheets, shaped parts and loose 
grains 



h. flammable 

i. weight 110 to 180 kg/m 3 



a. 99% blown glass 

b. temperature range, -260°C to +430°C 

c. thermic conductivity coefficient at 0°C 
= 0.046 kcal/mh°C 

d. low moisture adsorption: 0.2 vol. % 

e. treatment - cuttino and sawing 

f. resistance to putrefactive bacteria and all 
acids except hydrofluoric acid 

g. supplied in sheets and shaned oarts 
h. inflammable 

i. weight 144 kg/m 3 



111. 



6. Flax Fibre - 



7. Glass Wool - 



8. Mineral Wool - 



a. pressed and fermented flax 

b. temperature ranqe f)0 to 100OC 

c. thermic conductivity coefficient at nor, 
=0.35 kcal/mh°C 

d. humidity absorption 

e. process inq, cuttino, sawinq 

f. reasonable resistance to all kinds of 
factors 

g. supplied in sheets and shaped parts 
h. flammable 

1. weioht 190 kq/m 3 



a. molten glass spun to thin fibres 

b. temperature rancie up to +550°C 

c. thermic conductivity coefficient at 250°C 
= 0.065 kcal/mh°C 

d. little humidity adsorption: 0.06 vol. ?! 

e. processinn - stopping and fillinn to wool, 
cuttinn to sheets 

f. resistance to putrefactive bacteria, chemically 
neutral 

g. supplied as: loose wool 

sheets bonded with resin 

covers with metal nettinn 

cords 

yarn 

texture covers 
h. not flammable 

1. weight: continqent upon design, from 8 kg/m 3 
to 160 kg/m 3 



a. made from molten silicates spun to thin fibres 

b. temperature range up to +750°C 

c. thermic conductivity coefficient at 250°C 
= 0.8 kcal/mh 3 

d. little humidity adsorption: 0.14 vol. % 

e. processing: stopping, filling for loose wool, 

cuttino, nipping off, for sheets 

f. resistance to putrefactive bacteria and chemi- 
cally neutral 

g. supplied as: loose wool 

sheets bonded with plastic material 

covers with gauze 
h. not flammable 
i. weight 20 kg/m3 to 160 kg/m 3 



9. Expanded Rock - 



made from mineral rock such as mica. 

The rock is heated to 1,000°C, whereby qrains 

with air cells develop. 
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b. temperature ranqe to 1 ,000°C 

c. thermic conductivity coefficient at 250°C 
= 0.039 kcal/mh°C 

d. humidity adsorption: takes up a nreat 
deal of moisture 

e. processinn: spill into hollow cavities for 

loose orains; 

cuttinn and sawinn for sheets 

and shaped parts. 

f. resistance to putrefactive bacteria 
q. supplied as: loose orains, 

sheets and shaped parts, 
h. not flammable 
1. weinht 100 kq/m 3 



10. Aluminum Silicate - 



a. is a ceramic fibre which can be suDplied in 
many different forms 

b. temperature ranqe to 1 »260°C 

c. thermic conductivity coefficient at 700°r 
= 0.150 kcal/mh°C 

d. little humidity adsorntion, comnarable with 
qlass or mineral wool 

e. processing : stuff inn and fill inn for loose wool 

cuttinn and nippino off for covers 
and felt. 

f. resistance to putrefactive bacteria 
o. supplied as: loose wonl 

felt 
board 
paper 
cord 

shaded parts 
h. not flammable 



l 



weight 65 kq/m 3 
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05.10 ASBESTOS EMISSION CONTROL TECHNIQUES 

There are three qas-cleaninq devices (fabric filters, 
dry centrifuqal collectors and wet collectors) which are usually applied 
to the control of asbestos emissions. After careful study, there is no 
doubt that fabric filters, or "baghouses", currently reDresent the best 
available technoloqy, and are the most efficient qas-cleaninq devices 
available (see Table 13)/ 63 ' 

A fabric filter is a device used for freeino process qases 
(or liquids) from suspended impurities. Particulates as small as 0.5 urn 
in diameter can be collected with high efficiency, and even those as small 
as 0.1 urn can be removed at somewhat reduced efficiency after a dust layer 
has been deposited on the fabric. Direct interception and impaction collect 
particles above 1 urn, diffusion collects particles less than 0.1 - 0.2 urn. 
(60) (64) p ar t1cles greater than 0.01 urn are affected by electrostatic 
attraction/ 60 ^ 

The type of fabric chosen for the filter is important to 
collection efficiency and ease of cleaninq. The filter material most 
commonly used for asbestos is cotton sateen except for the control of ore 

dryer emissions; in this case, cotton is unsuitable for the hioh-temoerature 

(14) 
effluent gases of the dryer/ ' The useful lifetime of cotton baqs is re- 
ported as 6 to 7 years. ' Wool felts have also been used for several 
years, but synthetic felts have only recently qained acceptance h y the 
asbestos industry. Felted fabrics are commonlv associated with hiqher 
air-to-cloth ratios (4-1 and 12-1) and are not normally used for the col- 
lection of extremely fine metal luroical fume because the embediment of the 
fine particles in the felt makes cleaninq very difficult. 1 ' But, because 
of the finer fibres in needle felt materials, felted fabrics can result in 
the better collection of fine particulate/ ' 
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TABLE 13. 



(14) 



AIR POLLUTION CONTROL 
EQUIPMENT COLLECTION EFFICIENCIES 



Equipment Type 


Typical Efficiency Ranaes 
(on total weight basis), 
percent 


Low-energy mechanical 
High-energy mechanical 
Low-energy wet collector 
Medium-eneray wet collector 
High-enerqy wet collector 
Fabric filter 


50 to 70 
70 to 90 
50 to 75 
75 to 90 
90 to 99.5+ 
95 to 99.9 
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Table 14. lists the various applications of fabric filters. 
The nature of some of the processes described requires that the collectors 
operate continuously, whereas, in other instances, the filters can he 
cleaned periodically when a process is shut down. Cleanino cycles vary 
from 1 minute of shakino durinq each 30 minutes of operation in a mill 
to one cleaninq every 2 hours of operation at the finishino end of an 
asbestos-cement pipe manufacturinn plant. ' Woven ^aqs are usually 
cleaned by the action of a mechanical shakinq device. Felted fa h rics 
are normally limited to cleaninq h y hiqh pressure reverse jet or jet 
pulse at frequent cleaninq intervals/ ' 

Variations of baq lenoth and diameter between collectors 
result from space and efficiency compromises amonn small -diameter bans 
to minimize required floor area, larqer-diameter ^aqs to reduce the like- 
lihood of lonqer fibres oluoqinq the ^aqs and lonqer bans to fit a filter 

(14) 
into smaller floor areas. ' 

The collection efficiency of a baqhouse is dependant on 
several factors. In an asbestos mill, collection efficiencies qreater 



than 99.99% have been exhibited by fabric filters receivina a dust con- 



centration of approximately 1 gram per standard cubic foot. VDI ' The 
consistent attainment of an exit fibre concentration of 0.5 fibre oer 
cubic centimeter is possible/ ' Tests have shown that exit dust con- 
centrations observed immediately after initiatino air flow throuqh a 
cleaned cotton sateen baq are considerably laroer than those for normal 
operation (lower val ues reached within 3 minutes),/,,., 

The mechanism of impinaement of lamer particles on filter 
material has a very hiqh efficiency rate which increases as the air-to- 
cloth ratio increases. ' On the other hand, if the efficiency of the 
diffusion process, which collects the sub-micron particles, is to be hiqh, 
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TABLE 14. 



(14 



APPLICATIONS or FACCIC FILTERS 



Anplication 


Operation 


Cloth 


Bag 
Lennth 
in. 


Ran 
Diameter 
in. 


Filterinn 
Velocity, 
ft . /mi n . 


Exnected 
Pressure 

Orop, 
in. Hgfl 


Asbestos milling 


Continuous 


Cotton sateen 


168 


5 


2.5 to 3.0 


2.5 to 4.0 


Asbestos ore dryers 


Continuous 


Orion 


163 


5 


2.5 


1.5 to 2.0 




Asbestos-cement raw 
material handling 


Continuous 


Cotton sateen 


126 


5 


2.5 


3.0 


Asbestos-cement 
finishing machines 


Intermit- 
tent 


Cotton sateen 


168 


5 


2.0 


1.5 to 2.0 


Textile carding 


Intermit- 
tent 


Cotton sateen 


126 

to 

168 


8 


5 


1.5 to 2.0 
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the velocity of approach should be low/ ' This leads to a zone of 
operating conditions for any filter where the overall efficiency will 
be low. From Table 14., short thin fibres are expected from the asbestos- 
cement finishing machines, therefore requirino a lower filterinn velocity 
than textile carding v/here much longer fibres are expected. 

Filter fibre size and weaves are also important. As a 
general rule, a finer filament size (diameter) is preferable. The advan- 
tages are higher efficiency (the smaller the fibre the smaller the par- 
ticles collected, ie. diffusion improved), and the lower pressure drop 
(high surface area and greater flexability)/ 60 ^ 63 ' 

Two special properties of asbestos must be considered in 
regard to the cleaning of asbestos-laden air; electrostatic charge and 
aerodynamic behaviour in relation to filter face orientation. Asbestos 
fibres can carry a large natural electrostatic charge' ' whereas the 
fabric of the baghouse, being a poor conductor, can easily be charaed by 
the filtering action. ' If the particles and fabric have opposing 
charges or similar charges with a sufficient difference in voltage, an 
attraction exists (which could improve baghouse performance). Consider- 
able research is needed into this electrostatic phenomena. 

The second point to be given special attention is the 
asbestos fibre's orientation to the filter face. Do asbestos fibres 
follow the Brownian principle in exhaust gas air streams or do they 
aligne aerodynamical ly? Since the diameter of the asbestos fibres is 
measured in angstroms, but the length in microns, collection efficiency 
would be greatly enhanced if the asbestos material could be imoacted 
lengthwise. Further research is needed in this area. 



*.£ 
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05.10.01 COST OF CONTROL MEASURES 

The expenditures for installation and operation of any air 
pollution control system can be categorized as capital investment, main- 
tenance and operatinq costs, and capital charges. Within these catenories, 
it is convenient to identify several types o f costs: 

1. CaDital Investment: 

- Control hardware 

- Auxiliary equipment 

- Installation 

- Enoineerinn studies 

- Land 

- Operating supply inventory 

- Startup 

- Structure modification 

2. Maintenance and Operation: 

- Labour 

- Supplies and materials 

- Utilities 

- Treatment and disposal of collected material 

3. Capital Charqes: 

- Insurance 

- Interest 

- Taxes 

Table 15. identifies the conditions affecting the purchase 
and installation costs. Althouqh the total installed costs of baghouses 
vary widely (examples in Source (14) show $11,900 to S295,O00), the econ- 
omic impact can be handled by most la roe companies. Smaller uncontrolled 
companies may encounter economic difficulties. 
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TABLE 15 



- 



CONDITIONS AFFECTING PURCHASE AND INSTALLATION COSTS 



Cost category 



Low to typical costs 



High to extremely high costs 



Equipment transportation 



Minimum distance; simple loading and 



Plant age 



Available space 



Instrumentation 



Guarantee on performance 



unloading prcc?dures 
Hardware designed into new plant as 
an integral part of process 



Extensive distance; complex procedure 



Vacant area for location of control 
system 



for loading and unloading 
Hardware installed into confines of old 
plant requiring structural or process 
modification or alteration 



Little required 



None required 



Degree of engineering design 



Degree of assembly 



Utilities 



Little vacant space; extensive steel 
support construction and site 

prepaid lion required 



Complex instrumentation required to 
assure reliability of control or 
constant monitoring of gas stream 



Standard 
system 



"package type" control 



Control hardware shipped completely 
assembled 



Electricity, water, waste 
facilities readily available 



disposal 



Collected waste material 
handling 



Labor 



Auxiliary equipment 
Corrosive ness 



No special treatment 
handling required 



Guaranteed nigh collector efficiency 
to meet stringent control 
requirements 



Control system requiring extensive 
integration with process, insulation 
to correct temperature and moisture 
problem, noise abatement 



Control hardware to be assembled and 
erected in the field 



Electrical and waste treatment 
facilities must be expanded; water 
supply must be' developed or 

expanded 

facilities and/or 



Low wages in geographical area 



facilities or j Special treatment 
handling required 



Simple draft fan; minimal ductwork 



Noncorrosive gas 



Over time and/or 
geographical area 



h igh-wage 



Extensive cooling equipment 
ductwork, large motors 



Acidic emissions requiring high alloy 
accessory equipment using special 
handling and construction 
techniques 



INSTALLED COST EXPRESSED AS A 
PERCENTAGE OF PURCHASE COST FOR 
TYPES OF CONTROL DEVICES 



Generic type 



Fabric filters 



Cost range, percent 



Low: Typical 



i 150 180 



Extremely 
Highi high 



200 500 



Source: (14) In the References. 
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Fiqure 18. shows the fabric filter and fan floor of the 
Jeffrey nine in Asbestos, Quebec. Finure 19. is a plan of the layout 
of the Reeves Mine fabric filter and air system near Timmins, Ontario. 




FIGURE 17. (14) Sectional View of a Baghouse 




ro 






FIGURE 18. 3aahouse Application in Jeffrey ,J h"ne, Asbestos, Ouebec 
Reference (61) 



FIGURE 19. 
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05.11 CONCLUSIONS 

The types of asbestos exposure are so varied and numer- 
ous, it is almost certain that everyone in North America has come into 
contact with it in one way or another. Since so little is reallv known 
about harmful concentration levels and dose/resnonse relationships, the 
sources and methods of control, therefore, become vorv important. Althounh, 
as will h e seen later, the levels of asbestos nenerallv found in ur^an air 
are not considered to h e hazardous; it is felt h y many authorities that 
any increase a h ove present concentrations would h e unfavourable. For these 
reasons, recommended control would include only the hest available technoloov. 
This, in essence, would require fabric filter devices used to clean air ex- 
hausted to the atmosphere. Considerino the varied nature of the sources, 
the application of haqhouses would not h e feasible all the time (ie., the 
diversity of sources in the mininn/millinn ooeration). In this reoard, a 
code of nractise for asbestos onerations should also ^e included. An ex- 
tensive code of practise coverinn nininn, mill inn, transoortinn, handlino 
(loadinn and unloadinn), construction, demolition and ot h er miscellaneous 
uses of asbestos will h e required. 

Asbestos manufacturinq in Ontario is not a maior industry 
as 94.5% of t h e total Canadian nroduction of the fi^re is exported/ ' 
Canada remains the laroest exporter of the mineral. ' Only 3% is used 



for domestic consumption ^ut, of the noods produced, 90% stay within the 
country. ' Consequently, except for a few laroer plants, the asbestos 
operations tend to be small operations in Ontario. Asbestos, in this sit- 
uation, is usually emitted from roof vents or short stacks with little or 
no dispersion. The consequent release of pollutants at a relatively low 
heiqht is compounded ^y aerodynamic downwash effects that often influence 
these sources. 
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Ontario. 

It 1s not the purpose of any ambient air standards or 
objectives to force small marginal production operations out of business. 
However, strict regulation of asbestos concentrations using best available 
technology 1s not unfeasible. Small plants tend to have bad land-use patterns 
so dispersion of their pollutants should not be allowed but, flexibility In 
the recommendations would allow the use of less expensive baghouse techniques 
as long as the efficiency remains reasonably high. 

The use of asbestos in construction and demolition will 



require a strict code of practice since control of total emissions is 
difficult. This is seen to be one of the major sources of ambient asbes- 



tos in Ontario. Already, British and American authorities have banned out- 
right the use of asbestos spray insulation and this has raised concern a- 
mong industrialists in Canada. 

The asbestos mining operations in Ontario are small compared 
to the total mineral output of this province. Financially, asbestos amounted 
to 2.9% of the Ontario mineral output of $1.53 billion in 1972 and 2.1°', of 
$1.78 billion in 1973. ' 76 ' Still, the mining and milling of asbestos has 
the largest estimated emission factor of any asbestos operation and must 
therefore be considered a major source of asbestos emissions 1n Ontario. 
Because of the varied number of sources in each operation, a design standard 
is not practical or applicable by itself. Therefore, it is suggested that 
it can be coupled with a strict code of practice. 

Shipbuilding operations can be extremely dangerous emitters 
of asbestos, as British experience has shown, but they have largely been 
ignored in this report. Analysis of this industry shows that only 1 to 3 
ships (approximately 700 feet) are built each year.' 80 '' 82 ' Ship repair 
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firms are few 1n number and generally small operations. ' Any large 

asbestos operations encountered by the shipbuilders are contracted out 

(82) 
to Huron, Superior or Johns-Manville 1n Toronto. ' Any asbestos work 

done by the builder or repairer is carefully handled but, supposedly, 

little is encountered. (79)(80)(81)(82) A]1 asbestos 1s 1n sheet form 

(81 ) 
as the spray application has not been used for at least 10 years. v ' 

Appendix 05. A lists all Ontario shipbuilders and ship repairers. 
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06. MEASUREMENT TECHNIQUES 

06.01 INTRODUCTION 

Reliable equipment and techniques for determinino the con- 
centration of pollutants in the atmosnhere are important for 3 reasons: 

(1) to establish levels of hazardous contaminants in the 
environment 

(2) to determine effectiveness of abatement measures 

(3) to appraise contamination from source to recentor 

It is rarely possible to make an absolute measurement of 
the characteristic of an airborne dust which is directly responsible for 
its biological effect. To be practical, measurement for the purpose of 
assessing a hazard and evaluation, must not only be convenient and relevant, 
but also permit the use of statistically adequate sampling strategies. 

Early studies of health hazards in the United States asbestos 
industries (Fulton, et al , 1935, Dreessen, et al , 1938) were made with the 
same instruments and techniques used in studies of dusts associated with 
qranite finishing and cement manufacturing/ /v Midget impinger and 
optical mic roscope count data was used to estimate asbestos dust exposure. 
(2)(9) A11 f the dust p art i c i es seen were counted so, consequently, the 

resulting concentration was a measure of overall dust levels rather than 
a specific measurement of the asbestos concentration. 

Because the epidemiologic studies of occupational ly exposed 
asbestos workers in the U.S. were based on the i moinoer/optical microscope 
method, it was adopted as a "standard"/ ' This method was satisfactory 
at the time since exposures were massive, but as dust levels reduced, it 
became necessary to measure the biologically appropriate attribute of the 
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the dust cloud. For example, at equal levels of overall dustiness in 
the occupational settlna, the concentration of asbestos was found to varv 

considerably from textile manufacturino (75-85%) to insulation operations 

(2) 
(5-15%). v ' The impinqer method, althouah used bv most anencies in the 

United States until th e late 1960' s* ' was not sensitive enouqh to make 

these accurate determi nations. 

Durinq this period, the Britis h m,f»t hf "* Q f "^nitorinn n.lr^1r^ 
asbestos plants consisted of countinn fibres collected on membrane filters. 



le American and British methods were compared by Ayer et a! in 1965 by 

(Q) 

parallel samplinq of the same pool of air. v ' The samples were examined 
usinq phase-contrast microscopy at 430 X mannifi cation. The use of the 
membrane filter was later refined and adapted by Edwards and Lynch in 1 968 , 
by relatinq the fibre count obtained with the phase-contrast microscone to 

the mass of asbestos determined by chemical analysis for maqnesium. (The 

/q\ 
maqnesium was assumed to come from asbestos. ) v " ' 

In 1965, air pollution researchers beqan a preliminary in- 
vestigation of total airborne asbestos bv examinino ambient particulate 
matter with dispersion staininq and liqht field optical microsconv. By 
this technique, total asbestos could not be identified or quantified. In 
1966, ambient air samples taken on membrane filters were examined for sub- 
micron asbestos particles by electron microscope. Sections of the filter 
were dissolved in acetone, the acetone washed out with water, and the 
sample transferred to a coated qrid. The qrids were examined, and asbestos 
fibres were photooraphed at 15,000 X. The characteristic tubular chryso- 
tile structure was clearly discernible in some of these photoaranhs. 

At present, the accuracy or even precision of the various pro- 
posed methods is not known, and the research is of a very recent nature and 
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is now beinq intensified as numerous environmental bodies trv to estab- 
lish a standard samplinq and analytical method for asbestos in ambient 
air. 

There are three important distinctions between occupational 
and ambient air monitorinn with respect to asbestos/ ' 

(1) There are far more fibres in in-plant air. 

(2) It is easier to obtain a useful standard for identifi- 
cation purposes in an occupational situation since the 
source of the asbestos is known. 

(3) Standard for occupational exposure refers only to those 
fibres qreater tha n 5 urn, in lenqth. 

For these reasons, the techniques used for monitorinq the 
asbestos concentrations in industrial air are not suitable for ambient air 
analysis/ '* ' Thomson reports that asbestos concentrations in urban air 

are one part in 5,000 of particulate matter and much less in a non-urban 

(9) 
atmosphere/ ' Information from the State of California suqqests that a 

sample filter of ambient air wi ll contain 10,000 times as much non-asbestos 

as asbes tos material by weight and t he number ratio of par ticles may range 

from 10, 000 to 100,000 non-asbestos particles for every asbestos fibre/ 36 ' 

Asbestos fibres in ambient air are shorter, of less diameter and of much 



smaller concentration than those found in occupational settings and cannot 



be accurately identified with occupational monitoring techniques. 



06.02 SAMPLING PROCEDURES FOR AMBIENT AIR 



It is well recoqnized that sample collection is the most im- 
portant step in any analysis of air pollution/ 3 'W The techniques used 
must qive an unbiased representation of those particles which are present 
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Sampling methodoloqy selection for asbestos should be based on these 
two criteria: 

(1) The method must collect asbestos Darticles in the 
required (respirable) ranne. 

(2) The method must be as convenient, relevant and nrac- 
tical as possible, yet efficient so that it will 
ultimately be suitable for a laroe samnlinn network 
such as the E.P.A. or Environment Canada. 

The sampHnq techniques that will be considered here are cascade impac- 
tion, liquid impinqinq and membrane filtration. 

06.02.01 CASCADE IMPACTORS 

The cascade impactor collects particles accordinq to aero- 
dynamic size on its various staqes. The Battelle Institute determined 
by transmission electron microscope that asbestos fibers and fibrils 
were present on every staqe of the impactor, showino that there is no 
obvious seqreqation accordinq to size by this samolinq technique/ ' 
They observed that, in the impactor samples, asbestos very often was 
collected as loosely aoqlomerated fibers and fibrils in association with 
other particulates. 

06.02.02 IMPINGERS 

Samples collected with all-olass imoinqers, as described by 
Battelle, contain a larqe amount of non-asbestos particulate so, for this 
reason, the technique has been considered not applicable without the benif- 
ication of asbestos. 
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06.02.03 MEMBRANE FILTERS 



Plastic membrane filters are considered bv most authorities 
to be the most acceDtable samolina method, primarily because of their 
low ash content, lack of fibres of any kind, and adaptability to field 
samplinn procedures. Mi Hi por e and, more recently, nuclenore filters 
are recogny pH ** tte m&i BtflfiiSBL (1 )(12)(20)(23) 

06.02.04 COMPARISON BETWEEN MILLIPORE AMD NUCLEPQPE FILTEPS 

Lately, several authoritative sources have recommended the 
use of nuclenore filters over millinore filters. ■ '* Nuclenore 

filters are transparent, nonhyqrosconic with verv smooth surfaces nivinn 

( 1 2) (20] 
a uniform backqround on which fibres can easilv be distinnuished. 

They are very suitable for visual or automatic evaluation. 

In the opinion of Spumy et al , there are two main disadvan- 

(12) 
tapes with the membrane filter method. x 

(1) Durinq the ashinq and ultrasonic treatment, the sizes, 
and shapes of the deposited asbestos fibres can be channed significantly. 

(2) The membrane filters are 100 urn or thicker (except nuc- 
lepore which is 10 urn thick) and their outside structure is irreaular. 
Some small fibres and fibrils can penetrate the filter durino the air 
samplinn procedure and durinq the subsequent filtration of the liquid 
suspension throuqh it. Also, some small fibres and fibrils can be lost 
to the inside structure of a membrane filter and cannot be detected bv 
the electron microscope. 

Nuclepore filters, manufactured bv etchinn tracts of hi oh 
enerqy particles through polycarbonates/ ' have no inside structure. 
The pores are approximately monodisperse and the filter thickness is aporox- 



139. 



imately 10 urn. There are practically no losses of fibres and fibrils 
inside the pores. 

The most effective separating mechanisms are sievina and 
direct interception. The random orientation of fibres durino the flow 
through the filter pores plays an important role. There seems to he - 
general consensus that Mill ipore AA or.iMlar 0.3 urn membrane filters 
_ will collect m j ^sbestos in air* 14 ' but, nuclepore filters with tht. 
mean pore size of 0.2 um have an . w ,.w r — - 1onf ,„ ........ 

fibres in the ambient air of itmt °*-m ° 2)(23) As Spurnv eUl 
renort, if the total particulate concentrations in the ambient air are 
very high (large towns and industrial areas), samolino by means of nuc- 
lepore filters in a series is verv suitable, because more than 50% of 
non-fibrous particulate mass can be pre-separated. (12 > 

The University of Waterloo Research Institute, after an 
intensive comparison study of Gelman (tvne GA-6; nore size .45 um) 
filters, milllpore (type "AA"; DO re size .H um) filters and nucleoore 
(pore size .4 um), recently recommended nucleoore filter sampling tech- 
nigue in conjunction with the scanninn electron microscope as an analyti- 
cal method. < 23 > Beckett agrees that these two methods go well tonether 
as there is difficulty in discriminating between oarticles and fibres 
on mlllipore filter surfaces/ 20 ) 

There are two main disadvantages with the nuclepore filters: 

(1) ordinary solvents will not dissolve the filter 

(2) there is a higher pressure differential across the 
filter than with the Gelman or Milllpore filters as 
the University of Waterloo Research Institute dis- 
covered . 
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I Hi I. Scanning clcclron pholomicrograph of chrysolite asbcslos: (a) sampled on a cellulose ester 

mm*mm ..her; >, sampled m a silver membrane lil.er: <c> sampled on ,l,e smooH, act- o a 

Nucleporc (.Iter: (d) sampled on Hie dull surface of a Nuclepore filter. 
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<'&&« 



142 



06.02.05 SAMPLING FLOW RATES 

When selecting a sampling method, the concentration to be 
expected is an important criterion. If the sampling location is not 
near any obvious source of asbestos, few asbestos fibres will be expected 
and high demands will be placed on the method in terms of selectivity 
and sensitivity. Sampling rates, durations and expected concentration 

levels should be coordinated to limit the number of fibres per counting 
field. ^ On the other hand, the longer the sampling period, the less 
attractive the sample is, since 1t will not be representative of the 
desired period. The University of Waterloo Research Institute recom- 

mends anywhere between 45,000 and 450.000 fibres to be d eposited on a^ 

T^r 

37 mm. diameter filt er disc for the most accurate countabilij^. Al- 
though this figure was given in connection with occupational air sampling, 

G M. Braqq confirmed these estimates for clear analysis of ambient air 

(38) 
sample filters. For counting fibres, it is important to have about^ 

5 fibres per fiel d of v iew. Less than 5 gives poor statistics and more 

- — e — , (14)(38) 

than 5 are difficult to count due to crowding. 

When sampling, the filters should be face down to prevent 
large particles from settlinn on the membrane and the samplinq points 
placed well above street level, away from direct sources of contamination. 

High volume samplinq techniques are qenerally used but the flow rates 
and filter velocities ranoe widely. For ambient air monltorinq, the Air 
and Industrial Hyqiene Laboratory method (State of California, Department 
of Health) employs .8 urn pore size nuclepore filters of 47 mm. diameter, 
at a flow rate of 10 liters per minute, for 2 to 24 hours/ 36 ' Rickards 
sampled 1,000 cubic metres (pore size .05 urn) of ambient air while Mueller 
used the same sample size with a cellulose membrane of oore size .8 um.' ' 
Spumy et al sampled 10 cubic metres of ambient air with a 35 mm. diameter 
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nuclepore filter series, the first with a pore size of 5 um and the 

(12) 
second with 0.2 um pores. ' They used a face filter velocity of 15 

cm/sec. Selikoff and his associates, during their experiments, used an 

8" X 10" Millipore filter with pore sizes of .8 um and 1.2 um in con- 

(16) 
junction with high volume samplers working at 40 cubic feet per minute. 

-9 3 
They found a range of 10 - 100 X 10 gm/m of asbestos on their filters. 

Millipore® , the manufacturer of the filter of the same 

name, recommends the 47 mm. diameter, 0.8 um nore size type "AA" filter 

(41 ) 
to sample asbestos. ' The maximum volume flowrate throunh the filter 

is dependant on the strenqth of the backinn sunoort screen and the dif- 

(37) 
ferential pressure used. ' Dr. Chatfield of the Ontario Research Found- 
ation had suqqested the use of .45 um pore size mi Hi nore filters for 
asbestos, but recently chanced his recommendation to include nucleoore 

filters (althouqh he recoqnizes that both have disadvantanes) . The 

(23) 
Waterloo Research Institute recommends .4 um nore size nuclepore filters. 

Fifteen centimeters ner second face filter velocitv has been nenerallv 
accented and used most often by exoerimontors (most usino 1 um nore size 
filter) in the past but, for the concentrations exnected in ambient air, 
the lono samplinq time involved would be unsuitable. As one study has 
shown, face filter velocities of 265 cm. /sec. or the correspond!' nn flow 
rate of 156 L/min. (10 cm. effective filtration area) are not satisfac- 
tory for millipore filters as they have been shown to have a stronq ooten- 
tial to be damaned. The same author suqnests that, for lono ambient air 
samplino periods, a face filter velocity betv/een 33 - 100 cm. /sec, or a 
maximum flow rate of 60 L/min., could be used for millinore filters. 
Nuclenore Corporation (ICN Canada, Montreal) indicate that maximun re- 
tention efficiency of the filter to flow rate ratio is similar to that 
of millipore (same diameter and differential pressure as millinore). 
Althouqh Nuclepore filters are thinner than Millipore, thev are stronaer, 
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more durable and able to handle effectively laroer volumes o f air over 
shorter periods of time. For these reasons, NucleDore filters seem the 
most suitable to samnle asbestos concentrations exnected in amMent air. 

06.03 SAMPLE PREPARATION 

Two qeneral classes of samnle orenaration utilized to obtain 
size distributions by electron microscopy are the direct-clearinn technique 
and the senaration technique. ' The direct method presents the micro- 
scopist with a sample on which a minimum of manipulation has been carried 
out, but which contains both asbestos particles and all other particles 
which were present in the environmental medium when the sample was collected 
The separation technique presents a sample which contains a minimum of in- 
terferinq particles, but which was prepared with much manipulation. 

06.03.01 DIRECT-CLEARING TECHNIQUE 



In many cases, it is possible to use the direct-clearinn 
method to size and count asbestos fibres amonq the other material present. 
In this method, the <;amnlp filter j* mat^ w,-j*h a layer of silicon mon- 



oxide or carbon to hold the fibres in place. The filter itself is then 



dissolved by vapors of a solvent such as acetone or chloroform since the 



index of refraction of the asbestos and the filter are close. ' The film 



with embedded fibres and other material is then usually examined by scan- 
n inq el ectron microscopy. 

The method is most suitable when: 

(1) there is a larqer (than usual) proportion of asbestos 
to particulate matter (ie., at a point source) 

(2) when a representative sample is required as it appears 
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in ambient air, ie., little distortion of appearance 
of sample through manipulation (on the other hand, the 
asbestos may occur in clumps makina accurate countinn 
difficult) 

(3) an even distribution of particulates is obtained bv 
the filter. 



06.03.02 SEPARATION TECHNIQUE 



When a particulate sample, as collected, is so loaded that 
asbestos particles are obscured, a process is needed to: 

(1) concentrate or beneficiate the asbestos particles 

(2) provide means for redistributed the asbestos particles 
uniformly and in a countable frequency. 

The first of these needs is accomplished by ashing, which removes organic 
parti culate such as soot,, and, when necessary, by centrifuo ing which re- 
movesi norganic particles which were large compared to the asbestos par- 
ticles. '* ' The second of these needs was accomplished by ultrasonically 



dispers ing the asbestos particulate in an aqueous media and refi Iter inn the 

CO 



dispersed particulate. The refiltered asbestos particulate is then 



prepared for the election microscope bv the t ransfer replicate technique. 

Organic materials are eliminated by low- temperature combustion 

in oxygen. Low temperature ashing is a verv slow (about 4 hours) oxidizino 

(3) 
process that will keep the disturbance of fibres to a minimum* ' hut there 

issome evidence to show that ashing changes the size, shape and composi tion 

of the fibre. '*' The ashing treatment removes about half the total 



interfering particulate material. Heffelfinner et al of Battelle found 



that the low temperature ashing of the deposit on the membrane filter could 
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best be done 1n an Induct ion -coup led oxygen plasma at about 1-torr total 
pressure. If the collected sample and filter are ignited in air, there 
is a danger of sample loss because of the explosive manner in which the 
membrane filter burns. The chance of physical loss of particulates from 
the oxygen draft is virtually eliminated by placing the sample in a pyrex 
test tube with the open end in a position such that the oxygen plasma flows 
across the tube mouth normal to the axis of the tube. Possible contamina- 
tion from the laboratory atmosphere is eliminated by using low temperature 
ashing, in which the atmosphere is tank oxygen. 

06.03.03 ULTRASONIFICATION 

The ash residue from the collected sample remains in the 
test tube, which 1s convenient for insertion Into the ultrasonic bath that 
is necessary to break up agglomerates of particulates 1n order to provide a 
uniform deposit for the electron microscope/ ' The dry ash 1s suspended 
1n water containing a surfactant and 1s dispersed by ultrasonic energy/ ' 

Asbestos fibres are composed of fibrils of fairly constant 
diameter, but Indefinite length. If the fibres are triturated, they will 
be reduced to fibrils which will be of random lengths. If the energy used 
in the fibre-reduction process 1s controlled, the fibril lengths will be 
random, but of a reproducible and tight size distribution. Ultra- 
sonlflcation has proven to be valuable for this process because of the 
repeatability of the energy utilized and the efficiency, as compared to 
other mechanical means or trituration. 

Although ultrasoniflcatlon changes the condition of the air- 
borne sample/ '* ' there 1s the advantage of having control of the amount 
of particulate deposited per unit area of filter since a selected volume of 
asbestos in the resulting liquid medium can be applied to a known filter area 
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06.03.04 CENTRIFUGATION 

Unlike the asbestos, the fly ash and most of the other par- 
ticulates appear to retain the same size before and after ashinq and dis- 
persion by ultrasonic treatment. Therefore, centrifuqation can be used 
for fractionation by size. ' The larqer particles settle, while the 
smaller asbestos particles remain in suspension. The ultrasonically 
dispersed aqueous suspension of ashed sample is centrifuqed at 900 q. 
for about 30 minutes. The supernatant portion is then skimmed off 
the top and filtered on a membrane filter. The precipitation is repeated 
a second time. It is estimated that centrifuqinq twice eliminated about 
90% of the interfering particulates from most samples. ' Studies of 
synthetic standards show that approximately 80 - 90% of the asbestos is 
recovered/ * 

Battelle's recommendation for beneficiation of ambient air 
samples 1s to ash every sample, but centrifuqe only when necessary which, 
by experience, is needed only for a small fraction of the samples. Typi- 
cally, 1/8 to 1/16 of the total sample is used for analysis. ' 

In conclusion, samples must be prepared in a manner to avoid 
chanqing fibre size distributions, losses and contamination. Losses may 
occur in ashinq procedures, in excessive manipulation, 1n centrifuqation 
and in aqueous filtration. For example, since more than 50% of chrysotile 
fibres are shorter than 0.8 urn in length and more than 90% are less than 

0.8 urn in diameter, it is possible for a large portion of these fibres to 

(14) 
be lost 1n aqueous filtration on 0.8 urn pore size filters. ' 
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06.04 ANALYSIS OF AMBIENT AIR SAMPLES 

There are a number of techniques used with varyinq deqrees 
of success for the countinq and identification of asbestos fibres in 
ambient air samples. They can be divided into two qroups: 

(1) methods suitable to characterize larqe bulk samples of 
asbestos minerals: X-ray diffraction, infrared spectroscoDy, differen- 
tial thermal analysis, optical analysis and chemical analysis. These 
methods are qenerally of limited use in ambient air analysis and will 

be dealt with only for the sake of completeness. 

(2) methods suitable for the identification of sinale fibres; 
electron diffraction, electron microprobe analysis, scanninq electron 
microscope, transmission electron microscope. 

06.04.01 X-RAY DIFFRACTION 

X-ray diffraction is based on the phenomenon that the atoms 
that are vibratinq around fixed points in the mineral act as centers of 
scatter. ' The crystal structure is of decisive importance and it is 
possible to quantitatively determine the asbestos content in mineral dusts 
from calibration curves of intensity measurements of defined diffraction 
lines and X-ray interferences that are characteristic of the crystal. ' 
The sensitivity of determination is approximately 0.5 mq. of asbestos 
provided the asbestos content of the dust is at least 3%.' ' Finures 2 
and 3 are examnles of X-ray scattering patterns. 

There is usually little problem in the radioqraphic determin- 
ation with sufficient accuracy of the chrysotile asbestos content of a 
sample, but amphibole asbestos qenerally qives a Door diffraction nattern. 
' Massive and fibrous combinations have nearly coincident X-ray 
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FIGURE 2. Diaaram of the inter- 
ference intensity of a sliohtly 
precrushed chrysotile asbestos 
after qrindinq in a hiqh speed 
micro mill . 

Reference (24) 
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FIGURE 3. Diaqram of the inter- 
ference intensity of a croc i do- 
lite after qrindinq in a hiqh 
speed micro mill . 

Reference (24) 
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FIGURE 4. Infrared spectrum of 
chrysotile asbestos. 
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diffraction patterns so, consequently, electron microscopy must be 
used.* 11 * 



06.04.02 INFRARED SPECTROSCOPY 

Infrared spectroscopy is based on the phenomenon that the 
vibrating atoms in the mineral can absorb energy. The position of the 



absorption bands in the IR region depends on the atomic groupings and 

ith 
(7) 



(24) 
type of bonding in the crystal. v ' However, only certain wavelengths 



can be used to magnify the amplitude of the vibrations of the atoms 
and at these wavelengths, increased absorption of electromagnetic radia- 
tion occurs (Figure 4). The absorption spectrum is characteristic, and 
the extent of absorption is a measure of the quantity of asbestos. ' 
The sensitivity of determination is approximately 10 ug, while the asbes 
tos content of the sample should be at least 1%. ' 

Dust containing amphibole asbestos yields infrared spectra 
characteristic of the amphihole mineral qroup, but specific amphibole 
minerals can not re identified/ ' The infrared spectra of serpentine 
minerals are similar to other sheet silicates so that any mixtures of 
chrysotile with clays or talc make fibre identification impossible. ' 

06.04.03 DIFFERENTIAL THERMAL ANALYSIS 

The amphiboles yield characteristic differential thermal 
analysis patterns which are inadequate for unequivocal identification, 
even in the pure mineral state. ' Chrysotile produces a well-defined 
pattern, but tends to be extremely sensitive to channes in sample prepar- 
ation and experimental conditions. ^ 



06.04.04 OPTICAL AND CHEMICAL ANALYSIS 
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These are probably the most limited and least specific 
methods of analysis for ambient air, the qualities of inexpensiveness , 
ease, and time required make these procedures ideal for analysis of 
in-plant occupational air. Since the diameter of many of the asbestos 
fibres and especially fibrils found in ambient air are below the re- 
sol vinq power of the liqht microscope, this technique is totally un- 
suitable for the Identification of asbestos. 

Finally, it can be mentioned that when the air-borne dust 
contains high concentrations of asbestos, methods may be used that are 
not specific. Examples are atomic absorotion and emission spectroscopy. 
Within their limitations, these are sensitive methods. 

As asbestos is built up of elements which are very common 
such as magnesium, aluminum, and iron, these elements can only be used 
as indicators for the asbestos concentration if the concentration level 
of the asbestos is such that it stands out clearly aqainst the always 
present background of these elements. 

06.04.05 SELECTED AREA ELECTRON DIFFRACTION 

H1qh enerqy radiations other than X-rays are diffracted bv 
asbestos matter, qivinq patterns related to the arranqement of atoms in 
the irradiated material and can be used like X-ray diffraction patterns 
to give similar information. A narrow beam of electrons Dasses throuqh 
a thin crystal qivlng a pattern of spots (usually recorded photooraphically) 
very similar to the X-ray diffraction pattern. 

This technique allows the differentiation of asbestos from 
non-asbestos materials and of chrysotile from amphibole asbestos. 
Although chrysotile has a distinctive electron diffraction pattern, the 
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patterns of amosite, anthophyllite, and crocidolite bear a close resem- 
blance to each other, makinq positive identification difficult. " ' 

Fibrils smaller than 0.05 urn in diameter seldom produce diffraction 

(36) 
patterns suitable for identification/ ' 

Electron diffraction is often used in conjunction with a- 
nother analytical tool but, since identification is slow and exnensive, 
in most cases only 5% of the morpholoqically-identified asbestos fibres 
have their identifications confirmed by electron diffraction/ ' 

06.04.06 ELECTRON MICR0PR0BE ANALYSIS 

The electron microprobe analyzer makes possible X-ray 
spectrochemical analysis of small particles under an electron beam. 
The chemical composition of single fibres can be determined and asbestos 
fibres, especially amphiboles, can be chemically differentiated and 
identified on a sinqle fibre basis/ ' The electron microprobe is 
capable of identifying asbestos fibres by composition provided that 
the fibre is larqe enouqh ( >0.5 urn) and is isolated from other oar- 
tides that may contain silicon, iron, sodium or magnesium/ ' However, 
because asbestos fibres and fibrils were found by other techniques to 
occur in sizes much smaller than 0.5 urn, the electron microprobe is of 
limited value in the identification of asbestos in collected air samoles 

06.04.07 SCANNING ELECTRON MICROSCOPE 

The scanninq electron microscope permits rapid viewino and 
photography of materials and provides image resolutions down to about 
100 A. v ' Althouqh a thin conductive coatinq must be frequently put on 
the surface of the sample, (this method is used 1n association with the 
direct-clearing technigue described earlier) this method offers a faster 



153. 



and more direct method for examinino small particles than does regular 

electron microscopy/ ' The scanninn electron microscope requires little 

sample preparation and has an extremely laroe depth of field with the 

ability to determine shapes, sizes, surface structure and elemental com- 
(23) 



position. 



The sample is put on a nrid and scanned at 1,000 X to de- 



termine uniformity of sample deposition, then the search for fibres is 
conducted at 8,000 x/ 36 ' Each fihre detected is identified at 20,000 X 
morphologically and by electron diffraction for positive identification/ ' 

A disadvantage of using the scanning electron microscope is 
the lower resolution (0.05 urn) as compared with the transmission electron 
microscope ('^ 0.001 urn). ' Another drawback is that it cannot uneguivo- 
cally distinguish between forms of asbestos/ ' Identification is only 
possible by X-ray fluorescence analysis of the elements which constitute 
the particle under observation but, no information of crystal structure 
is given/ ' This is obtained by electron diffraction/ ' 

Another disadvantage, as the Battelle Institute discovered, 
is that the scanning electron microscone images of the sample filter 
show the fibres more as clumps or "piled up" and interwoven groups rather 
than individual particles/ ' 



06.04.08 TRANSMISSION ELECTRON MICROSCOPE 



The transmission electron microscope is described as the 

basic tool necessary for the identification o* asbestos fibres/ ' It 

(23) 
is especially valuable for determining particles less than 1 urn. ' The 



lowest practical level of detection with the scannina electron microscone 
is 10" grams, while the transmission electron microscope is apDroximate' 
10" J grams (resolving power to .001 urn)/ '' ' Although, in principle, 
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there is no limit to the amount of other material which may accompany 
the asbestos, the percentaqe of asbestos which can still be detected in 
the sample is a function of the time used to screen them. 

Transmission electron microscopy is the best technique to 
date to provide unequivocal identification of asbestos fibres, as a study 
from the Battelle Institute reports/ ' The various forms of asbestos 
can be identified by their individual morpholooies. ' Identification 
is conducted at approximately 30,000 X."'' * 

Thouqh electron microscopy if time consuminn and therefore 
an expensive analyzinq tool, it is at present, by many orders of maoni- 
tude, the most sensitive detector available for the problem at hand. 

A recently developed instrument called EMMA which is a 
combination transmission electron microscope and electron microprobe 
analyzer, may in time become the ideal instrument for the detection and 
identification of very fine asbestos particles. ' The electron micro- 
probe enables the miroscopist to obtain an elemental analysis of a spec- 
ific fibre for which morpholooical and selected area diffraction have 
been made, thus enhancinq the certainty of identification. 

The electron microscopic dark-field screeninn technique is 
an application of the optical microscopic principle that dark-field imanes 
of amorphous particles are qenerally different from those produced by 
crystalline substances. ' Thus, crystalline fibres can be readily dis- 
tinquished from non-crystalline fibres. This procedure is advantaoeous 
(time-savinq) in detectinq asbestos fibres which often constitute only a 
small fraction of the total fibres present. 

Another technique called the "rubout technique", measures 
the weiqht of asbestos present. ' This is done by qrindinq all asbestos 
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fibers into fibrils of fairly uniform size. These fibrils are then 
mounted on electron microscope qrids for identification, sizinq and 
countinq. The weiqht of asbestos is estimated by calculatinq the total 
volume of asbestos fibrils and multiplyinq by the density of the asbes- 
tos type present. Since one larqe fiber can account for 99% of the 
weiqht present in an environmental sample, this method has limited 
value in assessinq health problems. 

06.04.09 COUNTING AND IDENTIFICATION OF AMBIENT AIR FIBRES 

When countinq the number of fibres in ambient air, it is 
unlikely that approaches that do not use the electron microscoDe will 
be effective. In fact, hioh order maqnification of this instrument 
will be required. The Air Industrial Hyqiene Laboratories (AIHL) 
demonstrated that most electron microscopes which ooerate at less than 
8,000 X do not exhibit sufficient resolvinq power to morpholooically 
identify asbestos. ' Presumptive identification of chrysotile mor- 
pholooy can be made at 20,000 X. ' Positive identification, thouah, 
must be conducted by electron diffraction. Kramer et al renort that 
Cunningham used maqnification of 20,000 X to count fibres while Biles 
scanned at maqnifi cations of 30,000 X - 80,000 X.^ ' Accordlnq to 
Lanqer, identification and location of asbestos fibres and fibrils 

c c 

(thickness of 200 A to 400 A) required a maqnification of 31,000 X 
with subsequent Identification of the chrysotile variety confirmed at 
217,000 X. ' Selikoff considers the smallest maqnification for iden- 
tification purposes to be at least 20,000 X and probably over 40,000 X 
will be needed.' 16 ' 



In addition, to the fine diameter of the fibrils, many of 

o 

them are quite short, in many instances with lenoths of less than 1,000 A. 
* ' When enmeshed in the samolinn debris, not only is hioh mannification 



156. 



electron microscODV necessary, but visual scanninq may be inadequate, 
and inferior to photoqraphic recordinq. Lanqer found this method to 
give consistently oreater counts than visual scanninq by about 30%/ ' 
In an attempt to reduce the fatique and human error inherent in count- 
ing asbestos fibres, the Unione Internationale Contre Cancer (UICC) 
recommends countinq from photomicroqraphs. ' 

Each asbestos fibre variety is quite different chemically, 
physically, structurally and morpholoqically. Under industrial circum- 
stances, there is usually no problem in knowinq exactly what is beinn 
measured, since the materials beinq used are either well characterized 
or can readily be analyzed. But, in the analysis o^ ambient air, one 
of the largest sources of error is in the morpholooical identification. 
First, there are many man-made and natural fibres that resemble asbestos, 
and second, it 1s difficult to obtain suitable standards to make morpho- 
logical comparisons as chemical and physical forces of the environmental 
media may, in time, cause a chanoe in the properties of the fibres, ie. 
water can leach maqnesium from chrysotile. 
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06.05 STANDARDIZED SAMPLING AND ANALYTICA L METHODS CURRENTLY IN 
USE 6Y SUMOTM AfiCNClES 



Three classes of methods are currently 1n use for the 
determination of asbestos 1n air. The first, utilizing light micros- 
copy, has been adopted by NIOSH only for the determination of occupa- 
tional exposures. The second class, used by Johns-Manvllle, Mt. Sinai 
Hospital 1n New York and Battel le Institute expresses asbestos 1n the 
air as a function of mass by reducing all asbestos fibers to fibril size. 
The third, used by AIHL and UC School of Public Health, presents asbestos 
concentration 1n terms of number of fibers of a certain size, hopefully 
as they exist 1n the air. 

06.05.01 Class I - LIGHT MICROSCOPY METHOD (NIOSH ) 

Samples are collected on membrane filters, a portion of 
which 1s rendered transparent on a microscope slide for direct counting 
at 430 X using phase contrast microscopy. Fibers longer than 5 urn appear- 
ing in a Porton graticule are counted. Fibers of a diameter less than 1 
urn are not seen and thus only about 2% of the fibers actually present are 
counted. 

06.05.02 Class II - MASS METHODS 

A. Mt. Sinai School of Medicine, New York City 

The Mt. S1na1 School of Medicine samples asbestos with 
8" X 10" MllUpore filters in high volume samplers capable of 40 cu. ft./ 
minute. 

Mt. Sinai's analytical method, subsequent to ashing for 
removal of organic matter, disperses the ash 1n a nitrocellulose film by a 
"rubout" technique, followed by mounting on electron microscope grids for 
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identification, sizing, and counting. The weight of asbestos 1s estimated 
by comparing the particle size distribution with that from known weights 
of ground asbestos. A recovery of 30% to 50% of added chrysotlle Is 
claimed for this method. ("Rubout" 1s described as a technique of rub- 
bing the sample in nitro-cellulose between two microscope slides, breaking 
the asbestos fibers longitudinally Into small particles, hopefully, in- 
dividual fibrils.) 

The entire sample 1s represented by eight 100 urn by 100 urn 

2 
grid squares counted at 40,000 X. Total area counted is 80,000 urn . 

B. Johns-Manville Corporation - 

The original Johns-Manville analytical procedure is iden- 
tical to that described above, except that a small portion of the ash is 
examined by light microscopy at 500 X to reveal fibers having a diameter 
greater than 0.5 urn. The authors note that they have never detected a 
single asbestos fiber of this size in ambient air samples. 

The sample is represented by size "typical" fields photo- 

2 2 
graphed at 4,000 X. Total area counted 1s about 6 X 4,000 urn = 24,000 urn . 

Elaborate counting and sizing rules have been developed to accurately esti- 
mate the asbestos volume for subsequent weight calculation. A single sample 
requires one week for analysis. 

C. Battelle Memorial Institute, Ohio - 

The Battelle Memorial Institute located in Columbus, Ohio, 
sample asbestos with a 47 mm. diameter type HA MllUpore filter (.45 urn 

pore size) 1n the corresponding MllUpore aerosol filter holder/ ' An air 

3 
sampling vacuum pump running at 12.5 1/m1n. collects 1.5 m of air near a 

3 (1) 

point source and 200 m of air 1n ambient urban locations. ' 
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The analytical method was developed by Battelle for the 
EPA. The sample 1s ashed and the ash is sonicated Into fibrils, then sus- 
pended 1n distilled water. The suspension 1s filtered onto a cellulose 
ester Nil 11 pore filter. A carbon film 1s deposited on the surface of the 
fibers and the filter, after which the filter is dissolved 1n acetone. 
The fibers held 1n the carbon film are then counted as in the Mt. Sinai 
method. Five 100 X 100 urn fields are counted at 30,000 for a total of 
50,000 urn 2 . 

06.05.03 Class III - FIBER COUNT METHODS 

A. Air and Industrial Hygiene Laboratory, California - 

The AIHL of the California State Department of Health sample 
for asbestos utilizing a 47 mm diameter type AA MilUpore filter, 0.8 urn 
nominal pore size, mounted 1n a 47 mm. diameter open type metal NilHpore 
aerosol filter holder.^ ' An air flow rate of 1-2 cfm was maintained by 
a Gelman air sampling vacuum pump for a time period of 2 hours. 

In this method, the sample 1s not ashed, but Instead, dis- 
solved 1n acetic add, methyl alcohol and methyl ethyl ketone. The sample 
suspension 1s transferred by filtration to a polycarbonate (Nuclepore) filter 
which 1s then coated with a layer of silicon monoxide. Small discs are cut 
from the coated filter, placed on electron microscope grids, and the filter 
dissolved 1n chloroform. 

The fibers are counted directly on the viewing screen at 

2,000 X. Twenty 112 X 112 urn squares represent the entire sample, or a 

2 
total area counted of 250,888 urn . Total fiber concentration, regardless 

of fiber size, is reported. 

The first method used by the Air and Industrial Hygiene 
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Laboartoary mixes the ashed sample with a solution of ParlocMon 1n amyl 
acetate. An aliquot of this suspension 1s dropped on a water surface 
within a confined area of known size. 

Three electron microscope grids are drawn through the 
asbestos containing collodion film. Twenty random grid holes are counted 
on each of the three grids. Thus, 3 X 20 X 50 urn X 50 urn or 150,000 unr 
are counted and sized at 4,000 X. 

For light microscopy, another collodion film 1s prepared 
from a new aliquot of the collodion suspension. This film 1s transferred 
to a microscope slide for counting at 430 X as specified by NI0SH. 

AIHL's second procedure, the Direct Clearing Method, 3 mm 
diameter disks are excised from the Mlllipore filter and placed face down 
on a Formvar-coated electron microscope grid. Acetone vapors are used to 
dissolve the filter, leaving the collected material as a coating on the 
grid. Grids are dried and counted as 1n AIHL's Parlodlon Film method. 

B. Ontario Research Foundation - 



At present, Ontario Research Foundation (0RF) is the most 
experienced at the measurement of low concentrations of asbestos is 
ambient air in Ontario. The first step 1n their proc edure is t o collect 
some of the solid mater ial on a 0.1 urn pore size membrane filter .. In 
the case of air, about 5 m is filtered. The membrane filter i s then 
ashed in a clean glass vial using a plasma microincineration tec hnique. 
The ashlnq takes place at low temperatures (tvpically 70 C) so no de- 
composition of the fibres can occur and organic materials and the filter 
Itself are oxidized t o C0 2 . The residue is gently redispersed ultrason- 
ically in filtered distilled water, and the suspension centrifuqed on to 
a 1 cm. diameter glass cover disc. The disc 1s dried and a thin carbon 
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coatingi s applied by evaporation. T he carbon film is scored and floated 
off on to water, carrying the particles with it; pieces of this are then 
picked u p on 200 mesh copper grids. A maximum of 10 grid squares is searched 
for asbestos particles at a magnifi cation of ab out 25,000 X. Part icles are 
identified at ^ I nstrumen t by electron diffraction, and measured in both 

length and width by comparison with a series of g eometrically spaced cali- 

^" — " » 

br at ion cir cles scored on the fluorescent screen of the microscope. 

r — - ■ , — _ 1 .......... i -» 

The particle counts are processed by a computer program, 



which calculates the particles, number and mass concentration. It also 



plots the number and mass size distributions. Using the sample volumes 

*~ L| , — ■!■■■ » II ■ ■«■ „ , ,||,| !.H -■ III " Ml I II _ -| i 

specified, air concentrations can be measured down to about 0.01 fibres/cc. 

06.05.04 DISCUSSION 

When mass methods are used, physicians are given no Idea 
of the resplrable asbestos present 1n the air or its size distribution. 
Fibre count procedures have the advantage of the posslblity of presentation 
of the size distribution of the asbestos as it 1s collected from the air. 
All three procedures suffer from inaccuracies 1n volume estimation when 
attempts are made to relate size distribution to a mass concentration. 

The Battel le method, in addition to possible errors incor- 
porated in the weight measuring method, may suffer possible losses of large 
fibres by centrlfugatlon and small fibres by aqueous filtration. 

The Direct Clearing Method may not be used for long sampling 
periods or 1n highly polluted air, since minute fibrils will be hidden by 
large amounts of particulate matter. 

The AIM. procedure and the O.R.F. method Involve more sample 
handling than any other method, and therefore, are probably subject to more 
manipulative losses. Samples in the California method are not ashed leaving 
solvent-Insoluble organic matter which may obscure minute fibrils. Minute 
fibrils may also be lost in the filtration step. 
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FOR BIBLIOGRAPHY OF SECTION 06 
REFER TO THAT OF SECTION 07 
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07. AIR QUALITY MEASUREMENTS 



07.01 INTRODUCTION 



There is, at present, no practical absolute method for the 
routine measurement of exposure to airborne asbestos fibres. ( 8 )( 12 M 36 ) 
Different agencies have developed different methods, each measurinq some- 
thing a little different so, therefore, the methods do not correlate well. 
Even values using the same analytical method, but obtained by different 
laboratories often do not agree. Ratios between results by different 
methods can be used for gualitative purposes only. 

07.02. FIBRE/MASS RELATIONSHIP 

With this in mind, 1t can be easily understood why the units 
of measure of airborne asbestos vary widely. Comparisons between results 
Involving different units are difficult as conversion factors are, at best, 

only approximations. Dr. Thompson has reported that there are approximately 

(9) 
100 fibrils per asbestos fibre and 100,000 fibrils par nanogram. Spumy 



et al ass umes 100 fibrils per fibre but 10 6 fibrils pgr*iann flr _gm- Tlm- 

"129) 
brell feels that there are "many hundreds of fibrils 1* a fibre". Meljer 

states "a large fibre may fracture longitudinally Into a thousand smaller 

(7) 
fibrils 1n air, water or biological fluids." Dr. Nicholson and his 

associates state "one nanogram of chrysotlle asbestos could represent a 
million fibrils". 

There is no argument among authorities today as to the presence 
of asbestos fibrous particles under 5 urn in length but, there is_ controversy 
regarding the quantities involved with estimates ranging from only 2% to 10* 
of the total Inhaled asbestos being greater than 5 urn in length. ( 8 )( 9 H 30 ) 
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Compared to other contaminants, the amount of asbestos in 
suspended particulate matter is very small. ' Asbestos has been esti- 
mated by Thompson at one part per 5,000 of particulate matter in urban 

(q) 
air and much less in non-urban atmospheres. ' Other reports suqaest 

10,000 to 100,000 particles for every asbestos fibre. 

Leonard Bruckman of the Department of Environmental Pro- 
tection, State of Connecticut, devised a conversion formula, usino the 
available data as a basis, equatinq 20 asbestos fibres qreater than 5 urn 
(or 1,000 actual fibres) to one nanoqran. A panel discussion at the 67th 
Annual Meetino of the Air Pollution Control Association in Denver, Color- 
ado, June 9-13th, 1974, held after Bruckman's presentation of his paper, 
only mildly criticized his conversion factor, feel inq it to be conserva- 
tive.< 47 > 

Detected and enumerated asbestos fibres have been expressed 
in various ways by various agencies: 

(1) fibre size distribution 

(2) total asbestos fibre count 

(3) volume and mass of asbestos fibres 

Many uncertainties are involved in the evaluation and inter- 
pretation of results expressed in these cateqories. For example, a 10 urn 
lonq asbestos fibre may break into many shorter fibre pieces durinn the 
investigation/ ' Heteroqeneity of size is very important in accurately 
determininq the character of the ambient air sample as it appears in air 
and it has been proven that manipulation of the sample can destroy this 
character. Total fibre counts are stronqly influenced by the particles of 
the smaller lenqths and diameters which make less important contributions 
to the total volume and mass of fibres. Consequently, these particles have 
relatively little effect on weiqht-average values. 
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Mass measurements, in addition to beinn more easily com- 
parable, provide a more stable estimate of asbestos since fibre size 
distributions change with different ambient air emission sources and 
the distances from which the sampling took place.' ' Equal numbers 
of fibres can represent slgnficantly different amounts, by weiqht, of 
asbestos. Again, though, measurements by weight can be strongly biased 
by the large fibres. Still, Lynch et al suggest that because of the 
difficulty to obtain close aqreement on fibre counts within the lab and 
especially between laboratories, plus the tediousness of countinq, mass 
measurements should be made whenever appropriate. * 

Fibre size distribution is important no matter how the 
sample is analyzed. At present, to obtain such a distribution is time- 
consuming and expensive and the presence of other material and existinq 
transfer and sampling methods may distort the observed fibre distribution. 
However, experience 1n recent studies (1e., California^ 14 ') suqqest that 
these problems can be overcome. Fibre size distributions are necessary 
to determine the character of the asbestos in the ambient air and any 

legislation to regulate asbestos emissions should be based Initially on 
this data. Weight estimations may prove to be a good monitoring tech- 
nique 1n association with the general fibre size distribution curve for 
that particular emission source. 

It 1s not currently known how stronaly the bloloqlcal effect 
is dependant on fibre size and probably only further medical research will 
outline the correct parameter requirements for the evaluation and inter- 
pretation of ambient air samples. 
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TABLE 1 

ASBESTOS CONCENTRATIONS AS MEASURED IN AMBIENT AIR 



SPECIFIC SITES AND POINT SOURCES 



LOCATION 


ASBESTOS CONCENTRATION 


MEASURING 
AGENCY * 


REFERENCE 


Upwind of asbestos plant, 
California. 


57 nq/m 3 or 

16 X 106 fibrils/m 3 


A.I.H.L. 
California 


(26) 


Downwind of same asbestos 
plant, California. 


111,000 nq/m 3 

[or 100 X 106 fibrils/m 3 


A.I.H.L. 


(26) 


Los Anqeles Freeway Loop 
Sites 


f/L -12 f/L or , 
0.0 f/m 3 - .012 f/m 3 


A.I.H.L. 


O 3 ) 


Los Anqeles Freeway 
(General ) 


4.6 - 6.4 fibres/L or 
.0046 - .0064 f/m 3 


A.I.H.L. 


(26) 


New York City 
Construction Site #1 


45 - 180 nq/m 3 


Mt. Sinai 


(16) 


New York City 
Construction Site #2 


15-30 nq/m 3 


Mt. Sinai 


(16) 


New York City 
Construction Site #3 


20 nq/m 3 


Mt. Sinai 


(16) 


New York City 
Construction Site #4 


45 nq/m 3 


Mt. Sinai 


(16) 


New York City 
Construction Site #5 


20 nq/m 3 


Mt. Sinai 


(16) 


New York City 
Toll Booth 


100 - 160 nq/m 3 


Mt. Sinai 


(16) 


New York City 
Freeway Exit Ramp 


100 nq/m3 


Mt. Sinai 


(16) 


N.Y.C. Lonq Island Express- 
way, 1/4 mi. from toll booths 


30 nq/m 3 


Mt. Sinai 


(16) 


Lockland, Ohio 
Police Station 


62-170 nq/m 3 
Averaqe 110.66 nq/m 3 


Battell e 

Cont'd.. 


(1) 
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TABLE 1 (Cont'd) 



SPECIFIC SITES AND POINT SOURCES: 



LOCATION 


ASBESTOS CONCENTRATION 


MEASURING 
AGENCY * 


REFERENCE 


Wyoming, Ohio 
Municipal Building 


24 - 33 nq/m 3 
Average 28.5 nq/m 3 


Battell e 


(1) 


Lincoln Heiahts, Ohio 
City Hall 


11 - 1800 nq/m 3 
Averaqe 396.75 nq/m 3 


Battell e 


(1) 


Lincoln Heiqhts, Ohio 
Mathews & Dixie Streets 


17-600 ng/m 3 
Averaqe 141 .71 nq/m 3 


Battel le 


(1) 



* Refer to 06.05 for method. 
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TABLE 2 



ASBESTOS CONCENTRATIONS AS MEASURED IN AMBIENT AIR 



REGIONAL MEASUREMENTS (Average of Several Stations): 



LOCATION 


ASBESTOS CONCENTRATION 


MEASURING 
AGENCY 


REFERENCE 


San Lucas, California 
5/15/72 


1 X 10 6 fibrils/m 3 


A.I.H.L. 
California 
State Dent, of 
Health 


(26) 
(14J 


San Lucas, California 
9/25/72 


2 X 10 6 fibrils/m3 
or 110 ng/m3 


A.I.H.L. 


(14) 


King City, California 
9/25/72 


1 X 106 fibril s/m3 
or 175 nq/m 3 


A.I.H.L. 


(14) 


Berkeley, California 
2/10/72 


0.7 X 106 fibrils/m 3 
or 73 nq/m 3 


A.I.H.L. 


(26) 
(14) 


Berkeley, California 
11/30/72 


0.3 X 106 fibril s/m3 
or 22nq/m 3 


A.I.H.L. 


(14) 


Manhattan, 
New York City 


25 - 60 na/m 3 


Mount Sinai 
Research In- 
stitute 


(16) 


Bronx , 

New York City 


25 - 28 nq/m3 


Mt. Sinai 


(16) 


Brooklyn, 
New York City 


19-22 nq/m 3 


Mt. Sinai 


(16) 


Queens , 

New York City 


18-29 na/m 3 


Mt. Sinai 


(16) 


Staten Island, 
New York City 


11-21 ng/m3 


Mt. Sinai 


(16) 


Philadelphia, 
Pennsylvania 


45-100 nq/m 3 


Mt. Sinai 


(14) 
(16) 

* 


Rldgewood, New Jersey 
(Suburban) 


20 ng/m 3 


Mt. Sinai 

Cont'd. . 


(14) 
(lfi) 
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TABLE 2 (Cont'd) 
REGIONAL MEASUREMENTS (Average of Several Stations): 



LOCATION 


ASBESTOS CONCENTRATION 


MEASURING 
AGENCY 


REFERENCE 


Port Alleqhany, 
Pennsylvania 


16-36 ng/m 3 


Mt. Sinai 


(14) 
(16) 


Dayton , 
Ohio 


.04 - 11.0 ng/m 3 
Average 4.34 nq/m 3 


Battel le 
Columbus 
Laboratories 


(1) 


Houston, 
Texas 


4.0 - 6.0 na/m 3 
Averaqe 4.5 ng/m 3 


Battel le 


(1) 


Pittsburqh, 
Pennsylvania 


2.0 - 8.0 nq/m 3 
Average 4.33 ng/m 3 


Battell e 


O) 


San Francisco, 
California 


1.5 - 40.0 ng/m 3 
Averaqe 14.83 nq/m 3 


Battel le 


(1) 


Washington, D.C. 


1.6 - 40.0 ng/m 3 
Average 12.05 nq/m 3 


Battell e 


(1) 


Cincinnati , 
Ohio 


20 - 60 ng/m 3 


Battel! e 


(1) 


Frankfort, 
Kentucky 


.024 - .147 nq/m 3 


Battel le 


(1) 


Urban Sites 
(General ) 


0.5 - 15 nq/m 3 


E.P.A. 


(9) 


Non-Urban Sites 
(General ) 


0.1 ng/m 3 


E.P.A. 


(9) 


Most Urban Sites 


Less than 15 nq/m 3 




(48) 


Heavily Con jested Urban 
Sites (ie. N.Y.C.) 


Above 30 ng/m 3 




(48) 


Non-Urban Sites 


Less than 1 nq/m 3 




(48) 


Remote Sites 


60 fibres/m 3 
or .06 na/m 3 




(9) 
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Fig. I. Particulate matter filtered from London air. 
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Fig. 2. A single fibre, probably an ultimate fibril of chrysotile, filtered from the air of Diissel- 

dorf. Most fibres appear to be contaminated with soot and tar so that definition is poor, but 

the central core and fine structure is visible. 
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Fig. 3. Single fibrils filtered from London air. The fibril dia. is about O04/xm, typical of chryso- 
tifc. The fine structure shows changes similar to those observed when chrysolite is heated. 
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Fig. 4. An agglomerate of fibres collected .on a filter at the top of a building in London. 
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Fig. 5. An agglomerate of fibres collected on a filter at the top of a building in London. 
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07.03 MEASUREMENTS OF ASBESTOS IN AMBIENT AIR 

Tables 1 and 2 list actual measurements of asbestos concen- 
trations made in ambient air. Some of the samples are reqional (ie. t 
several stations distributed around the city determinino the averaqe 
level of asbestos in air) and some are local or point source samples 
(measurement of ambient air directly around an asbestos plant or con- 
struction site). Reqional comparisons show non-urban and rural airborne 

3 

asbestos concentrations , are.t voically ]p^ than n anrl m nn/m res^ m 

pectively. " ' Urban areas have asb estos concentrations below 30 ngA 

* ■ ■ ■■ i - ■ - — 

m 3 / 48 ' usually between 0.5 - 15.0 nq/m, ' except in heavily industrial- 
ized areas (ie., Manhattan, New York Citv, Philadelnhia) and around con- 



struction sites and toll booths. The AIHL of the California State De- 

3 
partment of Health considers there are approximately 3,000 fibers/m near 

a source or 3 nq/m . ' ' Thompson reports that data obtained by the 

E.P.A. procedure indicates that asbestos levels are about 2,000 nq/m 

3 3 (9) 

or 2 X 10 fibres/m at a point source. ' 

07.04 FIBRE LENGTH DISTRIBUTION 

Since hydrodynamic, aerodynamic and Moloqical effects may 
depend upon fibre size, it is important to know the size distribution of 
asbestos in air. Column I of Table 3 shows the lenqth distribution of 
standard UICC Canadian Chrysotile Reference Samples as determined by 
Vernon Timbrel!. Column II qives AIHL's data on the same standard, while 
Column III qives the results on an air sample taken closely downwind of a 
California chrysotile asbestos mine. There is qood anreement between 
AIHL's and Timbrel Ts data. 

The AIHL analyzed the diameter of the samples as seen in 
Table 4 (and presented schematically in Figure 6) and found rough agree- 
ment between the ambient distribution and those obtained from the bulk 
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TABLE 3 



(14) 



FIBER LENGTH DISTRIBUTION (PERCENT) 



Length (um) 


Data with UICC 
Chrvsotlle B 


AIHL Data 
on Chrvsotilo B 


AIHL Data Near 
Chrvsotile Mill 


0.2 < 0.5 




30.6^ 




16.3? 


3°. 5% 


0.0 < 1.0 




33.4 




23.7 


34.1 


1 ^ 2 

• 




19.8 




25.3 


H.n 


2 ^ 5 




13.2 




23.4 


8.0 


>5 




3.0 




5.8 


5.5 



TABLE 4 



(14) 



FIBER DIAMETER DISTRIBUTION (PERCENT) 



Diameter* 

<^ 0.06 
.06 ^ .125 

.125 <25 

.25 <.S 
.5 < .75 
> .75 



AIHL 
Downwind of 
Source 


Diameter* 
< 0.05 


AIHL 
UICC Standard 


65.9 


33.4 


13.2 


.05 < .1 


34.7 


12.4 


.1 <- .25 


14.9 


1.5 


.25 < .5 


13.7 


3.1 


.5 < .3 


2.3 


3.9 


>.3 


.0 



* Different counting intervals used in the two studies. 
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reference material. In this sample, the median fibre length is 0.5 
urn and the media fibre diameter is 0.05 urn. 

The diameter distribution from Table 4 is shown in Table 5 
for comparison with the mass distribution of the same samDle. Therefore, 
it is evident that 90% of the fibres present, contribute less than 5% of 
the total mass, while 90% of the mass is due to a relatively small number 
of large diameter fibres. Only 5% of the fibres were greater than 5 urn. 
and this sample was taken near a point source where ambient levels are 
expected to be higher than normal. 



TABLE 5 



(14) 



FIBRE DIAMETER VS MASS DISTRIBUTION 
Diameter (urn) % Fibres % Mass 



< 0.06 


65.9 


0.2 


.06 < .125 


13.2 


0.8 


.125<.25 


12.4 


2.9 


.25 < .5 


1.5 


1.7 


.5 < .75 


3.1 


18.5 


.75<1.25 


1.5 


21.4 


>1.25 


2.3 


54.5 



The fibre size distribution and the distance from the source 
is also an important consideration. Finnish experimentors Laamanen, Noro 

and Raunio reported air studies showing asbestos dust at distances ud to 

2 
50 km. from the mines, including deposits ranaing from 1.52 gm/100 m / 

month 4 km. away to 34.6 gm/100 m 2 /month at 0.5 km/ 5 ' Battelle Institute 

analyzed the fibre size distribution and distance from the source relation- 
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ship 1n Table 6. The fibres with a hiqher length to width ratio tend to 
stay 1n the air longer. 



TABLE 6^ 



SAMPLES COLLECTED BY THE BATTELLE CASCADE- IMPACTOR NORTH 
(DOWNWIND) FROM POINT SOURCE NEAR CINCINNATI, OHIO (FEB. 16/71) 

(2-Hour Collection at 12.5 Liter/Min (1.5 m 3 ) 



t \ Asbestos 

Staqe Stokes Diameter* , m no 



1 
2 
3 
4 
5 
6 
7 



1 Mile From Point Source 



>16 


4 


8-16 


40 


4-8 


25 


2-4 


12 


1-2 


18 


0.5-1 


I 


0.25-0.5 


I 


2 Miles From Point Source 




>16 


6 


8-16 


9 


4-8 


7 


2-4 


2 


1-2 


5 


0.5-1 


- 


0.25-0.5 


- 



(a) - Diameter of particle of unit density which would be 
collected on the particular staoe. 
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FIGURE 6. 



Asbestos Fibers in Ambient Air 
Near Asbestos Mill 

Shown by Fiber Length & Diameter 



^ 




Ia/ Het er -^ 



'Mm 



Source: Reference (14) 
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07.05 CONCLUSIONS 

The techniques for quantitative determination of small 
asbestos fibres and fibrils 1n ambient air are not yet satisfactory. 
Existing data concerning atmospheric concentrations is approximate and 
somewhat scanty. At present, there is little information reoardinq the 
accuracy or precision of the various methods, promotino some authorities 

to claim that the data obtained thus far from environmental monitorinq 

(1?) 
is no better than an order of maonitude estimate. * A continuino re- 
search prooram in this field could lead to the development of an imnroved 
international standard method for measurinq ambient concentrations of air- 
borne asbestos. 

There are advantaqes and disadvantages to both the weioht 
and fibre count methods of analysis. A weiqht measurement is heavily 
biased by the laroe particles whereas a fibre count is biased by the 
small. But, 1f a fibre distribution is shown, then, although this is 
expensive, a realistic evaluation can be determined. 

An accurate in-depth assessment of the situation in Ontario 
must be achieved before any comparisons can be made with other reported 
information. After the background data collection has been made, mass 
measurements in conjunction with the standardized fibre lenqth distribu- 
tion of that source may prove to be a less-expensive, relatively accurate, 
monitorinq technique. Other monitorinq measurement techniques include 
analyzing the end of the fibre length distribution (for example, all 

fibres over 4 urn) for a particular source and then comparinq this to 

(33) 
the standardized distribution for that asbestos source. 

Environmental agencies have approached the problem of measure- 
ment units with caution. Occupational health orqanizations have aoreed on 
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fibre counts per unit of volume whereas some air pollution control aoencies 
such as the State of Connecticut, Department of Environmental Protection, 
have decided on a standard based on measurements of mass. The California 
State Department of Health find it difficult to recommend either unit of 
measurement based on the extensive controversy over critical health ques- 
tions. v ; If the long fibres prove to be the most toxic, there should 
be little problem in ambient air as few fibres are qreater than 5 urn long. ' 
If the short fibres are also considered toxic, the weight measurement 1s 
biased by long fibres so it 1s felt, in this light, that a fibre count 1s 
the best analytical method. 

The sampling technique to be suqoested here utilizes 47 mm 
nuclepore membrane filters with a nore size of .4 urn samolinq at 40 L/min. 
for approximately 4-8 hours. The criterion is as follows: 

1. "Nuclepore filters have gained Increasing popularity 
even within this last year. Experienced authorities 1n the f1*ld 
are generally changing their recommendation from mllUpore to nucle- 
pore filters. They are stronger, thinner and easier to detect asbes- 
tos on, and capable of handling larger volume flow rates, but they have 
more flow resistance and a higher pressure drop over time. 

2. 47 mm. is the largest diameter that can be used as ashlnq 
only removes about 99% of the orqanlc material and filter and, with filters 

larger than 47 mm., the asbestos would be difficult to distinguish from the 

(39) 
Increased amount of residue. v ' 

3. .4 urn is recommended by Nuclenore Corporation literature 
(and other sources) for asbestos. ' This pore size should be capable of 
trappinq 98% of the asbestos in the airstream. Prefilter techniques have 
been discarded by this section. 
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4. For a 47 mm sample filter, a minimum of approximately 
100,000 fibres would be needed for an effective count. Dr. J. P. Lodge, 
Jr. in conjunction with the National Center for Atmospheric Research in 

Boulder, Colorado, recommended the maximum flow rate for a .4 urn, 47 mm. 

(SA) 
nuclepore filter to be 25-30 1/min. ' Dr. Lodge indicated that a 40 

L/m1n. flow rate was not excessive and preliminary experiments made by 
the A1r Resources Branch substantiates this point of view. If the ex- 
pected asbestos concentrations in urban ambient air range from .5-15 ng/ 

3 (9) 
m v ' and a 40 L/m1n. flow rate is achievable, it would reduce sampling 

times to an easily manageable 4 hours (with concentrations of 10 ng/m ; 

smaller concentrations will require longer sampling times). 

Further laboratory testing of the method must be conducted 
before it can be used with reasonable assurance, but all indications for 
success of the method appear to be good. A recommended sampling program 
for Ontario is outlined in Section 10 of this report. 

The membrane filter samples will be analyzed by transmission 
electron microscopy with the help of selected area diffraction and electron 
microprobe analysis. Conflicting reports as to the effectiveness of the 
scanning electron microscope make the value of this method undeterminable 
at the moment for asbestos, but it would appear that this analytical tech- 
nique could prove to be an excellent monitoring device in the future. The 
accuracy of the transmission electron microscope 1s required for initial 
analysis procedures. 

To accurately assess the true character of asbestos in ambient 
air in Ontario, sample manipulation must be kept to a minimum so as to reduce 
fibre breakage. Sample manipulation should be discouraged in laboratory an- 
alysis, but proven procedures should not be deviated from too much as the 
analyzer's experience is an important consideration in obtaining a good count, 
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08. HEALTH EFFECTS 



(To be presented by the Ontario Ministry of Health.) 
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09. STANDARDS AND CRITERIA 



09.01 INTRODUCTION 



In to-day's modern Industrial society, there is no such 
thing as "absolutely clean air" so a goal of "zero contamination" 1s to- 
tally unfeasible. When assessing air quality criteria, a balance must 
be achieved between Improving the quality of the air and the cost of 
doing so. Any air quality standard must be applicable to the real world. 

The goals for air quality criteria should reflect the 
desires of the public (even 1f they undervalue the elimination of such 
effects) to eliminate the negative effects of the air contaminant (1e., 
health, economic damage, etc.) which should be compromised only after 
weighing the relative costs and benefits of different levels of air 
quality. It is the responsibility of air pollution control authorities 
to protect the public from toxic contaminants for which there may be no 
short term quantifiable effects. 

Technological and economic constraints Influence the set 
of conceivable air quality alternatives. The choice of an air quality 
standard yields a preferred technological alternative and strategies for 
attaining 1t. 

When setting a standard, both ambient and emission stan- 
dards may be advisable. Generally speaking, ambient standards as a goal 
are more acceptable than emission standards patterned after "best avail- 
able technology". Such emission standards limit the flexibility of the 
industry 1n selecting a mode of control from the available alternatives. 
On the other hand, history Indicates that the good will of Industry cannot 
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always be relied on. Therefore, both ambient air and emission standards 
may have a function. 

09.02 ASBESTOS AIR POLLUTION STANDARDS 

09.02.01 INDUSTRIAL STANDARDS 

The first standard for controlling occupational exposure 
to asbestos dust was recommended by Dreessen et al 1n 1938. A limit for 

asbestos dust 1n the textile Industry was set at 5 million particles per 

(3) 
cubic foot (mppcf), determined by the 1mp1nger measuring technique v . 

This standard, based on limited data, was described as tentative but 

the American Conference of Governmental Industrial Hyglenists' (ACGIH) 

Threshold Limit Value (TLV)*for asbestos dust was 5 mppcf from 1946 to 

1970. ^ In 1968 and 1969, ACGIH published notices of Intended changes 

to lower the TLV to 12 fibres greater than 5 urn in length per milliliter 

or 2 mppcf. In 1970 and 1971, they published a still lower limit of 5 

fibres/ ml [>Sjri #^ ' It must be recognized that the conversion 

of data from mppcf to fibres/ml 1n all asbestos operations can only be 

done with considerable risk to the validity of the results. 

In 1968, the Committee on Hygienic Standards of the British 
Occupational Hygiene Society (BOHS) published "Hygienic Stnadards for 
Chrysotlle Asbestos Dust" for occupational environments. It was felt 
that as long as there was asbestos dust 1n the work place, there would 

be a small risk to health, but that exposure up to certain limits can be 

(21 ) 
tolerated for a lifetime without Incurring undue risks. v ' By time- 
weighting exposure levels, the BOHS felt that they could reduce the risk 
of contracting asbestos 1s to IX of those who have a lifetime's exposure 
to the dust/ 21 ' 

* TLV's are based on exposures of 8 hrs/day and 5 days /week. 
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The Occupational Safety and Health Association (OSHA) 

also had a previous standard of 12 fibres/ml (greater than 5 microns) 

and reduced this to 5 fibres/cc ( > 5 urn) 1n 1972. Under Increasing 

pressure from the A.F.L. - C.I.O., OSHA has recently proposed a new 

(3) 



standard of 2 f1 bres/c& _ to be Imp lemented 1n 1975-76. 

In Ontario, a standard of 2 f1bres/cc was set for asbestos 
1n 1972 but, 1t 1s proposed by the Ministry of Health that blue (croddollte) 
asbestos be limited to l/10th of that figure. Since only one variety of blue 
asbestos (Cape Town crocidolite) seems to be harmful and all croddollte in 

Canada 1s Imported, the Ministry of Health has been recommending that the use 

(22) 
of blue asbestos be stopped entirely. N ' At least one company, Ontario 

Hydro, has complied with this recommendation. ' 

Table 1. lists present and proposed asbestos air quality 
standards, relating to both industrial and ambient air. 

09.02.02 AMBIENT AIR CRITERIA 

A. ENVIRONMENTAL PROTECTION AGENCY (E.P.A.) 

The E.P.A. ambient air standard, which was 2 years 1n the 
making (1971-73), is totally descriptive as can be seen from Appendix 09. A. 
It was felt that asbestos was too Important to the nation's economy to be 
eliminated entirely (even though it was recognized as a hazardous material) 
so, based on the admittedly Inconclusive health Information presented 1n 
several E.P.A. reports, (13 ^ 14)(15)(16 ^ 17) a descriptive standard of no vis- 
ible emissions was Instituted. This can be considered only as a minimum 
baseline ambient air standard. 

B. STATE OF CALIFORNIA 

At present, there are no numerical ambient air standards for 
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ASBESTOS AIR POLLUTION STANDARDS 



REGULATING AGENCY 



A. Industrial Standards - 

ONTARIO 

Occupational Health Branch 
Ministry of Health 

+ Occupational Health Branch 
Ministry of Health 

UNITED STATES 

American Conference of Governmental 
Industrial Hyg1en1sts (ACGIH) 

+ American Conference of Governmental 
Hyg1en1sts (to be instituted 1n 
1976) 

Occupational Safety and Health 
Association (OSHA) 

+ Occupational Safety and Health 
Association (to be Instituted 1n 
1976) 

U.S. Department of Labour 

BRITAIN 

British Occupational Hygiene 
Society Standards (BOHS) 



ASBESTOS-CONCENTRATION 
STANDARD 



JAPAN 



Bureau of Labour Standards 



B. Ambient Air Standards 
UNITED STATES 

Environmental Protection Agency 
(EPA) 



2 fibres (> 5 um)/cc 

.2 fibres (**5 um)/cc 
(for Blue asbestos) 



5 mppcf 

2 fibres (>5 um)/cc 

5 fibres (*5 um)/cc 

2 fibres (> 5 um)/cc 

5 fibres (>5 um)/ml 



(2 x 10b parti cles-years/m3) 
0.112 mppcf -years for 25 yrs 
(4 x 10b parti cle-years/m 3 ) 
0. 
(1 



.28 mppcf-years for 10 yrs. 
10 x 10° particles-yrs/m3) 



5 fibres (> 5 um)/cc 



Descriptive Standard 
(See Appendix 09. A) 



REFERENCC 



(22) 
(22) 



(19) 
(6) 

(5) 
(5) 

(20) 
(21) 



(18) 



(17) 
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TABLE 1 . (Cont'd) 



REGULATING AGENCY 


ASBESTOS-CONCENTRATION 
STANDARD 


REFERENCE 


CALIFORNIA 

+ Air and Industrial Hygiene 
Laboratory, California State 
Department of Health 

CONNECTICUT 

+ Department of Environmental 
Protection, State of 
Connecticut 

ONTARIO 

Ontario Ministry of the 
Environment 


Total fibre count downwind 
of an asbestos emission 
source must not exceed 10 
times the total fibre count 
upwind of that source. 

3 
30 ng/m 

(based on 30-day average 

sample) 

3 
Interim guideline of 5 ug/m 


(10) 
(5) 


Air Resources Branch 







+ Indicates proposed standards. 

NOTE: All industrial standards specify optical microscopy analytical procedures 
while all ambient air standards require electron microscopy for analyses. 
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the State of California. In January of 1973, Director Hodges of the 
State Department of Public Health wrote in a memorandum to the Califor- 
nia A1r Resources Board :* ' 

"The possibility of general Increase 1n malignant meso- 
thelioma and the likelihood that several decades would have to pass 
before we could detect this effect makes 1t Incumbent upon us to 
restrict unnecessary asbestos exposure as much as possible. It is 
to that end that 1s is proposed that air quality standards be set. 
The possible role of community asbestos 1n cancer of the lung gives 
added Importance to this proposal." 

He further stated: 

"It 1s appropriate and reasonable to require upwind and 
downwind monitoring by any user whose activities are likely to lead 
to appreciable (4x to lOx) Increases 1n community asbestos exposure... 
It would be appropriate and reasonable for the State Department of 
Public Health with assistance of an advisory group to review the 
health implications of asbestos exposure and to make further recom- 
mendations for air quality standards and for control." 

This proposed standard, which avoids an actual ambient air 
figure, 1s considered a somewhat temporary regulatory step until new, more 
conclusive proof can clear up the areas of controversy/ '* 
Dr. J. Wesolowskl, Director of the A1r and Industrial Hygiene Laboratories 
(A.I.H.L.), California State Department of Health, has recently been con- 
ducting Intensive experimentation 1n conjunction with the E.P.A. and Mt. 

(12) 
S1na1 Institute involving the measuring of asbestos concentrations.' 

State authorities are beginning to define their roles and functions re- 

(12) 
gardlng asbestos for action 1n the near future. 

C. STATE OF CONNECTICUT 

The Department of Environmental Protection, Air Compliance 
Unit of the State of Connecticut has recently proposed an asbestos ambient 
air quality standard of 30 ng/m based on a 30 day sampling period. The 
criterion of mesothelioma was selected as the rationale for developing 
this proposed standard. An asbestos concentration versus mesothelioma 
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incidence envelope for the general population, based on mesothelioma In- 
cidence due to Industrial exposure, was utilized 1n developing the pro- 
posed asbestos standard of 30 ng/m . This standard, in the opinion of 
the Connecticut authority, is projected to reduced nationwide asbestos- 
related fatalities feasible since available ambient air asbestos data 

indicates that non-urban and remote non-urban areas have asbestos levels 

3 3 

typically less than 1 ng/m while urban areas are usually below 30 ng/m . 

The Air Compliance Unit and Mr. L. Bruckman released several reports in 

1973 and 1974 establishing their position. * 5 " 6 ^ 7) 

In a recent communication with Mr. Bruckman, senior air 

pollution control engineer of the A1r Compliance Unit, it was learned that 

the State is currently conducting a sampling program to establish the gen- 
fox 

eral asbestos environment in Connecticut. ' Policy decisions will be made 
when the results of the sampling survey are available/ ' 

D. ENVIRONMENT CANADA 

The Mining, Mineral and Metallurgical Division of Environment 
Canada based in Ottawa, 1s also considering limiting asbestos emissions Into 
ambient air for Canada. At present, they are assembling data based on res- 
ponses from questionnaires, conducting an environmental sampling program, 
and preparing a draft report on the mineral. Although not ready to promul- 
gate a specific figure as of yet, a recent communication confirmed that any 
standard would be based on best practical technology. ' 

09.03 AIR QUALITY CRITERIA 

One goal for the choice of any air quality criteria 1s the 
minimization of the risk of asbestos-induced health effects incurred by the 
general population. Inconclusive Information on these effects make the in- 
itiation of a responsible asbestos standard difficult. In analyzing accurately 
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the effect of community exposure, the association between low levels of 
asbestos dust and cancer and mesothelioma must be clearly understood but, 
as NIOSH reports: "for carcinogenic agents, a safe level for man cannot 
be established by application of our present knowledge"/ Some effects 
are detectable 1n occupations where overall exposures are minimal and with 
Indirectly exposed populations but, 1t seems likely that these exposure 
levels are greatly in excess of those asbestos concentrations generally 
found 1n the ambient air of urban communities. For these reasons, 1t is 
recommended that present average urban ambient levels not be allowed to 
increase (beyond a factor of 2 or 3), thereby limiting instances of 
asbestos-Induced cancer and mesothelioma to a strict minimum among the 
general population until further information is available. 

The purpose of a stringent air quality standard would be 
to force the use of "best available technology" to control conventional 
sources of asbestos emissions into the atmosphere. As has been previously 
reported, the sources of asbestos emissions are so varied that the custom- 
ary control alternatives will not be sufficient to regulate all ambient air 
emissions (1e., asbestos mining operations, outside disposal of asbestos, 
service centers that deal with automotive brake linings, etc.). A code of 
practice for such operations would be required, again based on the best 
practical technology available. 

It is felt that there should be no trouble in maintaining 
current asbestos background concentrations using "best available technology" 
techniques. This 1s also the view of Bruckman in Connecticut who considers 
their standard, equivalent to average background levels, easily met by fabric 

(5) 
filter control techniques. 
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If 1t is assumed that the slope of the averaging time 
versus maximum concentration graph for asbestos is the same as suspended 
particulate matter then, from the measured 5-8 hour samples, the fre- 
quency distribution line for asbestos can be drawn parallel to the total 
suspended particulate (since 1t 1s a component of S.P.M.) and extrapolated 
to 30 minutes. 

A more specific way of determining a 30 minute design 
standard 1s by accurately calculating a fibre concentration frequency 
distribution uniquely for asbestos. Asbestos filter samples, based on 
4-8 hour time Intervals, can yield a particle size distribution as well 
as a frequency distribution of the concentration of fibres to be expected 
1n urban air. It is suggested that data collected near point sources be 
kept separate from ambient air background data and two separate frequency 
distributions be plotted. It would be expected that the log normal dis- 
tribution from the point sources would have a much steeper slope (higher 
standard deviation) than the ambient air data. Using the frequency dis- 
tribution obtained from background studies and deciding on an allowable 
geometric mean, the ambient air criteria can be estimated with some assump- 
tions. 

Based on long-term ambient air measurements, a more accu- 
rate determination of air quality criteria showing the maximum concentra- 
tion allowable over a period of time can be derived by plotting the maximum 
readings (fibre concentration) versus averaging time on log/log paper. In 
this way, samples taken over 4-8 hour Intervals can be directly related to 
30 minute maximum values as well as yearly values. 

It may prove possible to use the fibre size distribution to 
obtain fibre concentration frequency distributions for fibres 1n discrete 
size ranges but, this will require the experimental data before the feasi- 
bility can be determined. 
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10. PROGRAM DESIGN AND COST 

An Initial ambient air asbestos sampling program desiqned 
to appraise the situation 1n Ontario is required before any responsible 
air quality criteria can be formulated. The program will focus on ful- 
filling these two major goals: 

(1) to acquire an Indication of present asbestos concen- 
trations 1n ambient air 1n Ontario; 

(2) to acquire knowledge of the character (1e. - size dis- 
tributions, etc.) of the sampled asbestos from various 
sources/sites. 

10.01 ASBESTOS AMBIENT AIR MONITORING SURVEY 
10.01.01 OBJECTIVES 

The asbestos sampling survey is to: 

(1) determine ambient asbestos levels removed from large sources in various 
representative Ontario urban, suburban, rural and remote areas; 

(2) determine asbestos levels in the vicinity of Industrial users and pro- 
ducers. Specifically: 

(a) to determine a range of asbestos concentrations to be 
expected from various asbestos operations; 

(b) to determine the "region of Influence" of Industrial 
sources with regard to the area over which it has an 
effect, the number of people exposed and the degree 
of exposure. 

(3) determine the character of airborne asbestos, particularly size dis- 
tribution, from selected sources In order to provide Information for: 
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(a) toxicity evaluation by medical advisors; 

(b) a length limit from which a fairly accurate size 
distribution could be estimated, which would fac- 
ilitate easier and less expensive monitoring to 
be included as part of the standard. 

(4) to assess what levels of asbestos might be achievable with present 
technology; 

(5) to provide some data on airborne asbestos in the vicinity of the mines; 

(6) to encourage abatement measures and aid in the setting of abatement 
priorities; 

(7) to compare nuclepore and delbag sampling methods to develop a future 
monitoring technique; 

(8) to aid in the development of a criteria. 

It should be noted that, with present funding, all of these 
objectives may not be achievable. However, the design of the program should 
take them into account as far as possible. Because of the cost of analyzing 
a filter for asbestos, it is suggested that more filters be collected than 
are analyzed. 

The period of time in which the sampling program will be 
executed will cover 7 months with the completion date scheduled to be July, 
1975. Sampling will be conducted in winter as well as summer months. A 
meteorologist should be consulted when determining which sample filters 
should be analyzed. 

10.01.02 SURVEY STRATEGY AND DESIGN 

The recommended sampling program has been broken down into 
five categories with individual processes/sites as sub-categories. Criterion 
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for category choice is homogeneity of source type rather than process or 
industry groupings. This provides easy comparability (and therefore selec- 
tivity) of sites within the category which will use approximately the same 
sampling strategies (regardless of product manufactured). When choosing 
manufacturing establishments to sample within categories, amounts of as- 
bestos used, control techniques employed and all other variables involved 
(ie., land-use, dispersion, etc.) must be determined so as to try and assess 
the environmental hazard. Plants with the highest expected emission rates 
would be considered for sampling. Table 1. lists these categories more 
completely, presenting the sampling strategy for each site and the number 
of sites that can be monitored within each category under the present budget. 
The sites to be sampled have been identified and placed within each of the 
Regions of the Ministry of the Environment. 

It 1s wery important that ambient concentrations be de- 
termined throughout Ontario since they will be very instrumental in control 
monitoring. Once these concentrations are determined, they will serve as 
a reference, and expansion of the present or any future programs need not 
concentrate on ambient levels. In Ontario, large asbestos manufacturers 
(using more than 1,000 tons per year of asbestos) amount to five. Three, 
or 60% of the firms were choosen for sampling; an asbestos-cement manufac- 
turer, a gasket and automotive parts manufacturer, and a vinyl -asbestos tile 
manufacturer. Asbestos manufacturing in Ontario consists generally of small 
operations, many with little or no control equipment, bad land-use and little 
or no stack venting. These small establishments could pose an environmental 
problem (especially where there are numerous plants of this nature in the 
same area) and warrant extensive (as possible) monitoring. Eleven sites 
have been chosen, but this amounts to approximately only 9% of all the 
small asbestos operations in Ontario. However, the plants chosen to be 
monitored 1n all Regions cover a broad spectrum of 



TABLE 1. 



SAMPLING STRATEGY 



CATEGORY/PROCESS 



(1) Mining and Milling 



(2) Large Manufacturing 
Includes: 
Asbestos Cement 
Asbestos Textiles 
Friction Products 
Asbestos Paper 



(3) Small Manufacturing 
(Uncontrolled) In- 
cludes: 

Asbestos Cement 
Asbestos Textiles 
Friction Products 
Asbestos Paper 
Asbestos T1le 



NUMBER OF SAMPLES 
PER SITE 



Monitoring of the Milling 
Operation only: 

1 Sample upwind 
3 Samples downwind 
T Samples 

Total: 4 samples/site. 



(4) Ambient (typical) 

- Uruan 

- Suburban 

- Rural 

- Remote 



(5) Special Considera- 
tions: 

- TTC Subway 

- Construction 

- Demolition 



1 Sample upwind 

6 Samples downwind 

7 Samples total 

Each site 1s sampled twice 
once 1n winter, once 1n 

summer. 

Total: 14 samples/site. 



1 Sample upwind 
3 Samples downwind 
T Samples total 

Each site sampled twice: 
once 1n winter, once In 

summer. 

Total: 8 samples/site. 



NUMBER OF SITES TO BE 
SAMPLED (APPROX.) 



Hedman Mill : 
Site monitored once 1n 
winter and once 1n the 
summer . 

Reeves Mill : 

Site monitored once 1n 

the summer. 



6 Samples per site taken 
once a month for 6 months 



TTC: 2 samples per site. 

Construction 1 Upwind 
Demolition 3 Downwind 
T Total 

Urban transit routes: 
4 samples per site taken 
once every two months 



3 Plants 



11 Plants 



11 Sites 



8 Sites 



CRITERIA FOR CHOICE 



Although the mining and milling process 1s recognized 
as a large emitter of asbestos and, therefore, a large 
potential hazard, It 1s felt that the number of people 
affected by Ontario mines Is very low so attention will 
be centered on the milling operation where the asbestos 
ore Is processed into fibre. 



Large plants require more sampling than small for assess- 
ment. "Large" 1s determined by asbestos used. Elevated 
sampling techniques are Involved. Plants to be monitored 
should be chosen after assessment of all variables 1n- 
vol ved . 



Small manufacturing operations emit small quantities of 
asbestos unless uncontrolled. Less samples are needed 
to evaluate each source. Companies 1n recent trouble 
with the Ministry of Health and/or the Ministry of the 
Environment should be seriously considered for monitor- 
ing. 



Urban ambient concentrations 1n several Ontario cities 
monitored. Suburban locations will have to be In a large 
city, probably 1n Southern Ontario. Rural sites chosen 
must be very representative and neutral. The remote 
sites are to estimate the backgrounds In Ontario. 



Construction/Demolition may present the greatest overall 
hazard along with mining and milling. It will be treat- 
ed the same as small manufacturing. 



ro 
o 
o 
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asbestos products. Asbestos textile, asphalt, cement, and packing firms 
are represented as well as asbestos insulated wire, reinforced plastic 
and asbestos brake lining and rellning establishments in addition to 
asbestos construction materials. All plants, after being Inspected, 
are expected to have a potential emission hazard. Following, is the 
sampling strategy for each Region. 

Northwestern Region : 

Only the typical ambient levels of asbestos will be 
monitored in the city of Thunder Bay. 

Northeastern Region : 

The two operating and one proposed mine and mill operations 
are located in this region. The Reeves and Hedman mills will be monitored 
as per description of Table 1. The proposed United Asbestos mining/milling 
operation will serve the dual purpose of providing a "remote site" location 
as described in Category 4, Table 1, and serve as a reference for control 
monitoring when the mine begins production 1n 1975. It 1s proposed that 
three samples be taken at the employee camp site located about 1 mile from 
the operation and three samples in a southwesterly direction from the future 
location of the mill. Background monitoring of the city of Timmlns 1s re- 
commended . 

Southeastern Region : 

Only the typical ambient levels of asbestos 1n Ottawa will 
be monitored in this region. 

West Central Region : 

In addition to the general ambient asbestos concentrations 
in Hamilton, this region feels that the following company warrants monitoring 
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(as described in Category 3, Table 1.): 

Plastic and Asbestos Products Ltd., 
618 Parkdale North, Hamilton, Ontario. 

As described in Category 5, Table 1, at least one multi- 
story construction site should be chosen in Hamilton as well as two urban 
transit sites. 

Southwestern Region: 



Three typical ambient sites are recommended in this region; 
one in London where potential asbestos emitters are small, but numerous and 
generally poorly controlled; one in Windsor, and one rural sample located in 
Perth County to determine background levels for Southern Ontario. Also 1n 
this region are two manufacturers using a small quantity of asbestos but 
potential emissions are expected. They are: 

(1) Dow Chemical Ltd., 
Sarnla, Ontario. 

(2) Raymond Brothers Ltd., 

182 York Street, London, Ontario. 

They should be monitored as described 1n Category 3 of Table 1. 
Central Region : 

In this region, typical urban asbestos levels will 
be determined in Peterborough and Toronto (one downtown site and suburban 
site, either in Rexdale or the Bayview/Eglinton area). As described in 
Category 5 of Table 1., special consideration will be given to the TTC 
subway system where 2 sites will be chosen, construction sites where one 
location will be chosen and urban transit routes where two sites will be 
monitored (areas where brakes are regularly applied are of prime concern). 
As described in Category 2, Table 1., there are 3 large manufacturing op- 
erations that require monitoring. They are: 
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(1) Canadian Johns-Manville Co. Ltd., 
5421 Lawrence Ave. E., Toronto. 

(2) Raybestos-Manhatten (Canada) Ltd., 

1944 Crawford Drive, Peterborough, Ontario. 

(3) Flintkote Co. Canada, 
30th Street, New Toronto. 



In addition to these companies, there are several smaller 
manufacturing operations which, as described 1n Category 3, Table 1, re- 
quire monitoring. They are as follows: 

(1) Canadian Wire and Cable, 
147 Laird Drive, Toronto. 

(2) Chevron Asphalt Ltd., 
43 Industrial, Toronto. 

(3) Consolidated Sand and Gravel, 
37 Commercial Road, Toronto. 

(4) Texas Refinery Corp. of Canada, 
25 Industrial, Toronto. 

(5) Protective Plastics Ltd., 
84 Ra1ls1de Drive, Toronto. 

(6) Scandura-Mintex Canada Ltd., 
Rexdale, Ontario. 

(7) Brake Bonding, 
Etobicoke, Ontario. 

(8) Garlock of Canada, 

66 Tutland Road, Toronto. 

(9) Abex Industries Ltd., 

50 Colborne St. W., Lindsay, Ontario. 

10.01.03 SURVEY COST 

The Ontario Research Foundation and the Department of 
Geology at McMaster University are the two Ontario Institutions that 
analyze asbestos on ambient air filters. The cost estimates are based 
on $160 per sample filter analyzed. Copies of ORF's and McMaster' s 
proposals for analysis of filters provided by the sampling program out- 
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For the money, the A1r Resources Branch of the Ministry 
of the Environment requires a four page per sample computer printout with 
the actual raw data and: 

- the number of fibres per cubic centimetre 

- an estimate of the mass 

- size categories (a) length breakdown 

(b) width breakdown 

- particle size distribution 

- cumulative size distribution 

- cumulative mass distribution 

- amphlbole/chrysotile data breakdown. 

Dr. E.J. Chatfield, head of ORF's electro-optical labora- 
tory studies the asbestos samples with a transmission electron micro- 
scope and electron diffraction techniques (no extra charge). The pre- 

3 
cislon of the method 1s within .01 fibres/cc. (with ey/ery 5 m of air 

sampled). Chatfield states that he can not identify the amphibole series, 
but chrysotile can be positively identified. Recent experience strongly 
suggests that experience in counting asbestos is an important factor in 
determining the accuracy of the analysis. 

Approximately $3,500 to $4,500 will be required by the Tech- 
nology Development and Appraisal Group of the Ministry of the Environment 
for new equipment (ie., pumps, flow meters, filter heads, filters, etc.). 

A Regional cost summary for analysis of asbestos filters is 
presented in Table 2. The total cost for the survey will be $39,100 or 236 
samples analyzed. With additional money 1n the new fiscal year, expansion 
of the program could develop with special attention paid to large and small 
asbestos manufacturers in Toronto and small automotive brake relinlng es- 
tablishments in London, Ontario. 
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Parallel sampling using del bag and nuclepore techniques 
will be conducted for comparative purposes 1n conjunction with the Central 
Region of the Ministry of the Environment. To be statistically valid, a 
minimum of twenty del bag samples will be required. Since the cost of an- 
alysis 1s the same as for nuclepore, the total expenditure will be $3,200 
to be Incurred by the Technology Development and Appraisal Section. This, 
then, specifies the Section's expenditure to be $42,300. 
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TABLE 2. 

REGIONAL COST SUMMARY 



Northwest Region : 

1 Urban Background Site 
- 6 sample filters 



Total Cost - $960 



Northeast Region : 

2 Milling Operations 

- 12 sample filters 

1 Urban Background Site 

- 6 sample filters 

1 Remote Background Site 

- 6 sample filters 



Total Cost - $3,840 



Southeastern Region : 

1 Urban Background Site 
- 6 sample filters 



Total Cost - $960 



Central Region : 

3 Large Asbestos Manufacturing Sites 

- 42 sample filters 

9 Small Asbestos Manufacturing Sites 

- 72 sample filters 

3 Urban Background Sites 

- 18 sample filters 

5 Sites of Special Consideration 

- 4 sample filters at 2 TTC sites 

- 4 sample filters at 1 construction site 

- 8 sample filters at 2 urban transit sites 



Total Cost: $23,680 



Cont'd 
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West Central Region : 

1 Small Asbestos Manufacturing Site 

- 8 sample filters 

1 Urban Background Site 

- 6 sample filters 

3 Sites of Special Consideration 

- 4 sample filters at 1 construction site 

- 8 sample filters at 2 urban transit sites 



Total Cost - $4,220 



Southwestern Region : 

2 Small Asbestos Manufacturing Sites 

- 16 sample filters 

2 Urban Background Sites 

- 12 sample filters 

1 Rural Background Site 

- 6 sample filters 



Total Cost - $5,440 
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10.02 SOURCE TESTING 



If the results of the asbestos ambient air monitoring survey 
indicate that there is a significantly hazardous situation in Ontario, source 
testing will be warranted and a stack sampling program will begin. 

10.02.01 OBJECTIVES 

The objectives of a source testing program are: 

(1) to aid in the development of a point of impingement, 30-minute design 
standard; 

(2) to determine the fibre size distribution to be expected from different 
manufacturing processes; 

(3) to obtain information for the assessment of control equipment and its 
efficiency; 

(4) to obtain an indication of the asbestos concentrations to be expected 
from various sources ; 

(5) to obtain information which can be used to estimate a conversion fac- 
tor from mass concentration to a fibre per cubic meter (f/m ) basis 
useful in the formulation of a 30-minute design standard. 

10.02.02 PROGRAM DESIGN 

The decision to implement this program will be made after 
the results of the ambient air monitoring program are obtained and assessed. 

Prior to the initial source testing surveys, research must 
be conducted by the Technology Development & Appraisal Group into accept- 
able sampling equipment and techniques. Three or four different techniques 
will be tested on one convenient source with approximately 12 samples in- 
volved. After optimization of sampling technique is derived, the survey 
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can be initiated. 

The source survey will consist of source/stack testing and 
Inlet/outlet determinations of efficiency. This sampling can be conducted 
concurrently on each plant. Five manufacturers will be surveyed requiring 
about 6 samples each. At the moment, the companies are not chosen, but 
criteria for the choice will include diversity of processes, control equip- 
ment, as well as suspected problem plants. The choices will be made from 
the Central Region and will probably follow the lead of the ambient air 
sampling survey choices. In addition to these Industrial sites, source 
testing of the two producing chrysotile mines in the Northeastern Region 
will be conducted. The m1ne/m1ll operations will require 6 samples each. 

10.02.03 SURVEY COST 

It has been recommended that the source testing survey be 
contracted to a consulting firm outside the Ministry of the Environment 
to be offered and evaluated by the Technology Development and Appraisal 
Group. The cost 1s estimated at $1,100 per sample with the following 
break down : . ._. 

- $800 for the equipment and services of the consultants; 

- $160 for analysis of sample filters; 

- $140 for miscellaneous expenses. 
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TABLE 3. 



SOURCE TESTING SURVEY COST* 



PURPOSE 


SAMPLING STRATEGY 


NUMBER OF 

SAMPLES 
REQUIRED 


TOTAL 
COST 


Research 


4 techniques to be tried 
@ 3 test samples each. 


12 


$13,200 


Stack sampling of 
manufacturing op- 
erations 


5 sources to be monitored 
@ 6 test samples each. 


30 


$33,000 


Source testing of 
mining and milling 
operations 


2 mine/mill operations 

to be tested 

@ 6 samples each. 


12 


$13,200 




TOTAL 


54 


$59,000 



* This does not include scaffold, fabrication, and travel costs 
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ADDENDUM TO "ASBESTOS AS A HAZARDOUS CONTAMINANT" , 
REPORT NO. ARB-TDA-01-75, AIR RESOURCES BRANCH, 
ONTARIO MINISTRY OF THE ENVIRONMENT, 19 75 



SECTION 08. HEALTH EFFECTS , pages 185A - 185D 
(Prepared by Ontario Ministry of Health, May, 1976) 
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Health Aspects 



Studies of the biologic response to different types of asbestos 
dusts indicate that their inhalation in adequate concentration can produce 
pulmonary and pleural fibrosis (scarring) and/or several types of malignancies. 
The biological response depends on the length of the inhaled fibre. Fibres 
longer than 20 microns are easily intercepted in the upper airways whereas 
fibres shorter than 5 microns may reach the terminal airways and the alveoli 
where gas exchange takes place. At present it is thought that it is the 
fibres between 5 and 15 microns long that create the health problem of 
asbestosis. 

The smaller particles or fibres, when engulfed by a scavenger cell 
(Macrophage), are coated by these cells with protein-like material. Such 
coated fibres are found both in the alveoli and in the lung tissue and are 
called "asbestos bodies". They may be expectorated and can be identified in 
the sputum. Fibres can also penetrate the lung tissue and finally reach the 
fine membrane (pleura) covering the surface of the lungs and the inner side 
of the chest wall. The response of the pleura can be: pleural effusion or 
thickening and scarring of the pleura or malignancy (mesothelioma). At present 

there is no evidence that mesothelioma must develop from pleural thickening. 

Neither asbestos bodies nor pleural changes are signs of the disabling 

disease "asbestosis". They just prove, that the afflicted person has been 

exposed to asbestos inhalation. 

Asbestosis 

The inhaled asbestos fibres which were not removed by the biological 
process of lung clearance and were not coated with proteinaceous material 
irritate the^lung tissue and cause fibrotic changes or scarring. This scarring 
increases the thickness of the alveolar wall and interferes thus with the air- 
exchange and makes the lung shrink so that the lung can take up only a 



restricted volume of air ,■„ 

•ir, t„ conparxson with healthy , ungs _ Asbe3tosis 

is a restrictive lung disease n. , 

sease. The .erring of the lung i s opaque for 
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The time necessary from the start of exposure „ fc ^ 
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concentration in the inhaled air. It is sWr 
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Mesothelioma 



Mesothelioma is a verv rarp r*^ a ■ , 

ofth , " " " nCer *" ,ln « f ™ "» covering membranes 

of the lungs and of the abdominal cavity. i„ CanaH rt 

y In Canada the annual deaths from 

«.. — .„ .„„, „ „„ „ 1Iim wl# . Iti _ ction ^ 

- -~M *, » «„, «... „ s .„ t „ .,„ = „ „ h<i< t; i962 ^ ^^ 

and twenty-one (121 casp^ j,^ k 

^ \*«* cases; had been discovered Tin «f u 
. • covered, no of whom occurred in persons 

- erter worxed in asbestos mines or lived in the neighbourhood of an asbestos 
-e. Contrary to the lung cancer in asbestos cases, mesothelioma does not 

b a d ° Se " effeCt r6lati0nShiP - Th - ~ *» — -osura could have 
«n a very short and small one , not suf£icienC ^ ^ ^^ ^ ^ 
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out its prevalence is much higher among people who were exposed to fibres of 
the amphibole group. 
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There is no specific treatment of asbestosis and the only way 
to fight this disease is by prevention. Prevention must be both by 
technical means and by medical surveillance, particularly of exposed workers. 

Medical surveillance includes a preplaceraent examination complemented 
by a chest X-ray examination and with pulmonary function tests. It is not 
advisable, that people with chronic lung disease interfering with lung 
clearance, such as chronic bronchitis, or with asthma, should be allowed to 
work in asbestos exposure. People whose vital capacity (amount of air taken 
in with a maximal deep breath) is less than 80% of the predicted value should 
not be employed in exposure to asbestos dust. Ideally, smokers should not 
work where there is an occupational exposure to asbestos. 

Workers employed in asbestos hazard should be examined annually, 
and, after 20 years of exposure, semi-annually, and these examinations must 
include chest X-rays and pulmonary function tests. Employees with proven 
pleural reactions combined with asbestos fibres in the sputum or a decline 
of vital capacity should be advised to discontinue work in asbestos exposure. 
Environmental Aspect 

Because of the very wide use of asbestos in both construction 
and in consumer products, fibres can be found almost everywhere - in the 
ambient air, in drinking water, even in some foods. This ubiquity of 
fibres makes it very difficult to determine whether they have any effect 
on health, and if so, what concentration of fibres is required to produce 
such effects. 

As has been mentioned above, a disproportionately large number 
of cases of mesothelioma have occurred in people who had been exposed only 
by living near a source of asbestos. These are the only cases in which an 
environmental asbestos exposure can be fairly reliably related to an 
identifiable disease. 
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There is still a great deal that is unknown about this whole 
subject. If, as has been postulated, a very brief exposure can result in 
mesothelioma, and, given the widespread occurrence of asbestos fibres, one 
could well ask why mesothelioma is not much more common than it is. The 
most pessimistic view that has been expressed is that the most widespread 
use of asbestos is of relatively recent origin (about 30 years) and that the 
number of cases may greatly increase in the future. On the other hand, most 
of the cases of mesothelioma referred to above were associated with amphiboles 
(crocidolite or amosite) and it may be that the more common chrysotile has 
little or less effect. 

Although there has been a great deal written about asbestos, it is 
apparent that there is still a great deal to be learned about the extent to 
which it can affect human health. 
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